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SUMMARY
T h is  t h e s i s  c o n s i s t s  of an  u l t r a s t r u c tu r a l  study of 129 n e o p la s m s  
of the hum an a l im e n ta r y  t r a c t ,  in c lu d ed  a r e  o b s e r v a t io n s  on 39 
s a m p le s  of co n tro l  hu m an  t i s s u e s ,  in c lu d in g  h ith e r to  p o o r ly  d e s c r ib e d  
fe a tu r e s  of the n o r m a l  hum an o e s o p h a g u s .  A ll t i s s u e s  e x a m in e d  w e r e  
f r o m  f r e s h ly  f ix ed  b io p s y  or  r e s e c t i o n  s p e c im e n s .  The tech n iq u es  u se d  
w e r e  th o se  o f  con ven tion a l t r a n s m is s i o n  e le c t r o n  m ic r o s c o p y .  S om e  
l im i t e d  s tu d ie s  e m p lo y e d  u l t r a c y to c h e m ic a l  m e th o d s  to d e m o n str a te  
ca rb o h y d ra te  and a c id  p h o sp h a ta se  a c t iv i ty .  In th ese  s tu d ie s ,  X - r a y  
m ic r o a n a ly s i s  w a s  a l s o  e m p lo y e d  to c o n f ir m  the id en t ity  of the r e a c t io n  
p ro d u ct .
The n o r m a l  sq u a m o u s  e p ith e l iu m  and su b m u c o s a l  g land s of the 
hum an o eso p h a g u s  w e r e  in v e s t ig a te d  in  d e ta i l .  The fine s tru c tu re  of  
sq u a m o u s  e p ith e l iu m  w as  found to  be s im i l a r  to that of non k e r a t in iz e d  
ep ith e l iu m  in  o th er  s i tu a t io n s .  C er ta in  f e a tu r e s  not p r e v io u s ly  noted  
in c lu d ed  the o c c u r r e n c e  of  o c c a s io n a l  c i l ia ,  in tracytop l?  s m ic  d e s m o s o m e s  
and n u c le a r  b o d ie s .  L a n g erh a n s  c e l l s ,  w h ich  have b een  d e s c r ib e d  in the 
e p id e r m is  and in  o th er  sq u am ou s  lo c a t io n s ,  w e r e  a l s o  o b s e r v e d  in  
o e so p h a g e a l  sq u a m o u s  m u c o s a .  The s u b m u c o s a l  g lands w e r e  com p a ra b le  
to  the la b ia l  s a l iv a r y  g la n d s .
U ltr a s tr u c tu r a l  in v e s t ig a t io n  of w e l l  d if fe r e n t ia te d  squam ous c e l l  
c a r c in o m a  of the hum an o eso p h a g u s  r e v e a le d  v a r io u s  s im i l a r i t i e s  to,  
and a b e r r a t io n s  fr o m , the n o r m a l  p a t te r n s  of o e s o p h a g e a l  sq uam ou s  
c e l l  d if fe r e n t ia t io n .  P a r t i c u la r  f e a tu r e s  o f  note in c lu d ed  freq u en t  
in t r a c y to p la s m ic  d e s m o s o m e s  and c u r io u s  th ic k -w a l le d  v e s i c l e s .  
L a n g erh a n s  c e l l s  w e r e  o b s e r v e d  in  t h e s e  tu m o u r s ,  a s  in  the n o rm a l  
m u c o s a .
The n o r m a l  g a s t r ic  m u c o s a  w a s  s tu d ied  a s  a co n tro l  m a t e r ia l .
T h e r e  w e r e  no p a r t ic u la r  f e a tu r e s  o f  n o te ,  the finding c o r r e sp o n d in g  to  
the p u b l ish ed  l i t e r a t u r e .  The c a s e s  o f  p r im a r y  g a s t r ic  c a r c in o m a  fa l l  
in to  tw o m a in  g ro u p s ,  th o se  w ith  m u c o u s  s e c r e t io n  g r a n u le s  id e n t ic a l  
to  the g r a n u le s  of g a s t r ic  m u co u s  c e l l s  and th o se  w ithout m u co u s  
s e c r e t i o n  g r a n u le s .  T h ere  w e r e  o th er  fine s tr u c tu r a l  d e ta i l s  w h ich
9s e r v e d  to d is t in g u is h  th e se  two g ro u p s .  In c a s e s  o f  s e c o n d a r y  g a s t r ic  
c a r c in o m a ,  so m e  b o re  a c lo s e  s tr u c tu r a l  r e s e m b la n c e  to eq u iva len t  
p r im a r y  g a s t r ic  tu m o u r s  and conta ined  m u c o u s  s e c r e t io n  g r a n u le s  
id e n t ic a l  to th o se  of g a s t r ic  m u c o u s  c e l l s ,  w h ile  o th e r s  con ta in ed  no  
m u c o u s  g r a n u le s .  M e ta s ta t ic  s ig n e t  r ing  c e l l  c a r c in o m a  w a s  s im i la r  
in  m a n y  r e s p e c t s  to  p r e v io u s  r e p o r ts  o f  p r im a r y  s ig n e t  r ing  c e l l  
c a r c in o m a .  H o w e v e r ,  am ong  the o b s e r v e d  s tr u c tu r a l  d i f f e r e n c e s  w e r e  
the o c c u r r e n c e  of tu b u lo v e s ic u la r  s t r u c tu r e s  s im i la r  to th o se  o f  n o r m a l  
g a s t r ic  p a r ie ta l  c e l l s  and o f  freq u en t in tr a c y to p la s m ic  d e s m o s o m e s .  
G a s tr ic  c a r c in o m a  w a s  p a r t ic u la r ly  d is t in g u is h e d  by the p r e s e n c e  of a 
v a r ie t y  o f  s t r u c tu r a l ly  a b e r r a n t  o r g a n e l l e s .  The m o s t  p o o r ly  
d if fe r e n t ia te d  tu m o u r s  r e ta in e d  the a d h e s io n  s p e c ia l i s a t io n s  ty p ic a l  of 
e p ith e l ia l  c e l l s ,  in  c o n tr a s t  to  the f in d in gs  in  g a s t r ic  ly m p h o m a , in  
w hich  d e s m o s o m e s  w e r e  a b se n t .
The n o r m a l co lo n ic  m o rp h o lo g y  a s  s tud ied  in  th is  w o rk  show ed  
no p a r t ic u la r  f e a tu r e s  a t  v a r ia n c e  w ith  p r e v io u s  r e p o r t s .  The v i l lo u s  
p a p i l lo m a s  and co lo n ic  c a r c in o m a s  e x a m in e d  d is p la y e d  the fine s tr u c t  ir a l  
f e a tu r e s  in  co m m o n  w ith  the im m a tu r e  c e l l s  of the lo w e r  one th ird  of  
the c o lo n ic  cry p t .  The a g g r e g a te s  o f  d ark  c e l l s  in  v i l lo u s  p a p il lo m a  
had fe a tu r e s  r e m in i s c e n t  of v a r io u s  c e l l  ty p e s  a s s o c ia t e d  w ith  fluid  
and e l e c t r o ly t e  tr a n sp o r t  in o th er  s i t e s .  Tw o d is t in c t iv e  f e a tu r e s  of  
p r im a r y  w e l l  d i f fe r e n t ia  Led c o lo n ic  c a r c in o m a  w e r e  the o c c u r r e n c e  of  
an  a b e r r a n t  tubular fo r m  of g r a n u la r  e n d o p la s m ic  r e t ic u lu m  and the 
p r e s e n c e  of d ou gh n u t-shap ed  c a r b o h y d r a te -r ic h  in c lu s io n s ,  p o s s ib ly  
r e p r e s e n t in g  a s e c r e t o r y  p rod u ct .
V a r io u s  d is t in c t iv e  in tr a n u c le a r  and in tr a c y to p la s m ic  in c lu s io n s  
w e r e  o b s e r v e d  in  the c o u r s e  o f  th is  w ork , m a in ly  in  n e o p la s t ic  c e l l s  
in  d if fe r e n t  s i t e s .  T h e s e  had not p r e v io u s ly  b e e n  d e s c r ib e d  in  e i th e r  
n o r m a l  or  n e o p la s t ic  c e l l s  of the hum an a l im e n ta r y  tr a c t .  The p o s s ib le  
d ia g n o s t ic  r e le v a n c e  of su ch  fe a tu r e s  i s  d i s c u s s e d .
U sin g  a p e r io d ic  a c id  th io ca rb o h y d ra z id e  s i l v e r  p ro te in a te  
techn iq ue a carb oh yd ra te  com p on en t w a s  d e m o n str a te d  in  v a r io u s  s i t e s
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in  the n o r m a l  and n e o p la s t ic  t i s s u e s  s tud ied . In m o s t  n o r m a l  
and n e o p la s t ic  c e l l s  o f  the hum an a l im e n ta r y  tr a c t ,  a c id  p h o sp h a ta se  
w a s  con fin ed  to the l y s o s o m e s .  H o w ev er ,  in  both n o r m a l  sq u am ou s  
e p ith e l iu m  and w e l l  d i f fe r e n t ia te d  sq u am ou s  c e l l  c a r c in o m a ,  a c id  
p h o sp h a ta se  a c t iv i ty  w a s  a l s o  found in  the in t e r c e l lu la r  s p a c e s ,  
a lthough  the m e m b r a n e -c o a t in g  g r a n u le s  w e r e  n e g a t iv e .  The r e a c t io n  
p r o d u c ts  of both of th e s e  c y to c h e m ic a l  p r o c e d u r e s  w e r e  e x a m in e d  by  




The e le c tr o n  m icroscop e  h a s  now become an e s s e n t i a l  t o o l  
in  b i o lo g i c a l  r e se a r c h . A fte r  th e  im p r e ss iv e  im provem ents o f  
th e  1 9 5 0 'e in  th e  te c h n iq u e s  o f  f i x a t io n ,  embedding and s e c t io n in g ,  
th e r e  was a r a p id  exp an sion  o f  b a s ic  u l t r a s t r u c t u r a l  know ledge.
The d e t a i l e d  f in e  s t r u c t u r a l  f e a tu r e s  o f  c e l l u l a r  anatomy were  
ex p lo re d  and c o r r e la te d  w ith  th e  fu n c t io n a l  a s p e c ts  o f  c e l l  
b io lo g y .  Much o f  t h e  fundam ental s tr u c tu r a l  b a s i s  o f  c e l l u la r  
o r g a n is a t io n  was found t o  be common t o  a l l  normal c e l l s .
M oreover, p a r t ic u la r  v a r ia t io n s  o f  c e l l  s tr u c tu r e  were found t o  
c o r r e la t e  w ith  s p e c i f i c  fu n c t io n s .  V ariou s f in e  s tr u c tu r a l  
f e a t u r e s  p e c u l ia r  t o  c e r t a in  ty p e s  o f  c e l l s  and t i s s u e s  can form  
th e  b a s i s  fo r  t h e i r  c o n f id e n t  i d e n t i f i c a t i o n .  The c o n tr ib u t io n  
which th e  e le c tr o n  m icroscop e h as made to  our know ledge o f  th e  
s tr u c tu r e  and fu n c t io n  o f  norm al c e l l s  has p rov id ed  u s w ith  th e  
e s s e n t i a l  b a s i s  fo r  th e  d e t a i l e d  stu d y  o f  th e  u l t r a s t r u c t u r e  
o f  d i s e a s e .
The e a r ly  d e s c r ip t io n s  o f  tumour u l t r a s t r u c t u r e  d e a lt  w ith  
th e  g e n e r a l f in e  s tr u c tu r e  o f  n e o p la s t ic  c e l l s  (Bernhard 1958; 
D alton  and F e l i x ,  1956; M ercer, 1 9 6 1 ). V ariou s q u a n t ita t iv e  
d e v ia t io n s  o f  tumour c e l l s  from normal have been  docum ented, 
b u t th e r e  i s  no s in g le  u l t r a s t r u c t u r a l  f e a tu r e  which d is t in g u is h e s  
a n e o p la s t ic  c e l l  from a normal c e l l  w ith  any c e r t a in t y .  The same 
problem i s  n ot u n fa m ilia r  i n  h i s t o lo g y ,  where i t  i s  o f te n  th e  
p a tte r n  or  o r g a n is a t io n  o f  th e  c e l l s  r a th e r  than t h e ir  c y to lo g y  
th a t  le a d s  u s  t o  th e  d ia g n o s is  o f  m align an cy .
Subsequent u l t r a s t r u c t u r a l  s tu d ie s  have shown b oth  s tr ik in g  
s i m i l a r i t i e s  and ob v iou s d i f f e r e n c e s  betw een th e  normal and
n e o p la s t ic  t i s s u e s  o f  many o r g a n s . I t  i s  c le a r  th a t  th e
n e o p la s t ic  c e l l  o f t e n  m im ics t o  a s u b s t a n t ia l  e x te n t  th e
p a t te r n s  c f  d i f f e r e n t i a t i o n  o f  i t s  c e l l  o r  t i s s u e  o f  o r ig in ;
th e  stan dard  r u le s  fo r  tumour c l a s s i f i c a t i o n  by l ig h t
m icroscop y can th u s  be seen  to  app ly  e q u a lly  a t  th e
u l t r a s t r u c t u r a l  l e v e l .  For ex a m p le ,th e  t y p ic a l 'm a l i g n a n t
melanoma sh a res  c e r t a in  d i s t i n c t i v e  f in e  s tr u c t u r a l  f e a tu r e s
w ith  t h e  normal m ela n o b la st (Klug and G unther, 1572) th e
i s l e t  c e l l  tum our, w hether o f  b e ta  c e l l  or o th e r  o r ig in ,  w ith  i t s
p aren t c e l l  (G oldenberg, G oldenberg and B e n d it t ,  1969; Suzuki
and Matsuyama 1971) th e  c a r c in o id  tumour w ith  th e  a r g e n ta f f in
c e l l  (B ensch , Gordon ard M il le r ,  1 9 6 5 ). In u ltr a s t r u c t u r e
a s  in  h i s t o lo g y ,  t h e  d i f f i c u l t i e s  o f  c l a s s i f i c a t i o n  and d ia g n o s is
ten d  t o  in c r e a s e  w ith  advancing a n a p la s ia . N e v e r th e le s s ,
some u l t r a s t r u c t u r a l  c lu e s  t o  h i s t o g e n e s i s  may p e r s i s t  in  n e o p la s t ic
c e l l s  which have r e g r e s s e d  beyond th e  th r e s h o ld  o f  a cc u r a te
n i s t o l o g i c a l  c l a s s i f i c a t i o n .  In  such c a s e s ,  u l t r a s t r u c t u r a l
exam in ation  h a s been  shown t o  g iv e  a more a c c u r a te  d ia g n o s is
than  i s  p o s s ib le  w ith  l i g h t  m icroscop y (Ashworth and Stem bridge,
1 964 j Lynn, M artin and K in g s le y , 1967; R osi and R od rigu ez, 1 9 6 8 ).
I t  h a s  been  e s t im a te d  th a t  a more a c c u r a te  d ia g n o s is  can b e  
reach ed  in  betw een 4% t o  8% o f  b io p s ie s  w ith  th e  a s s is t a n c e  
o f  e le c tr o n  m icroscop y (G yorkey, Min, K risko and Gyorkey 1 9 7 5 ).
I t  i s  c le a r  £rom t h i s  th a t  e le c t r o n  m icroscop y i s  n ot 
sim ply  an academ ic e x e r c i s e ,  but h a s  a c o n s id e r a b le , and t o  some 
e x te n t  s t i l l  u n r e a l is e d  p o t e n t ia l  fo r  r o u t in e  tumour d ia g n o s is  
p a r t ic u la r ly  in  r e la t io n  to  "problem” c a s e s .  H ow ever,the
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a t y p ic a l  or problem  c a s e  can o n ly  be u n d erstood  a g a in s t  th e  
w id e s t  p o s s ib le  background o f  know ledge o f  th e  t y p ic a l  c a s e ,  
and o f  the norm al u l t r a s t r u c t u r e  o f  th e  t i s s u e  o r  organ  
con cern ed . A lthough th e  g a th e r in g  o f  such background  
know ledge i s  an u n sp e c ta c u la r  a c t i v i t y  i t  p r o v id e s  th e  
in d is p e n s a b le  fram e o f  r e fe r e n c e  fo r  th e  p a t h o lo g is t  who se ek s  
t o  e x p lo i t  u l t r a s t r u c t u r e  f o r  th e  p u rp oses o f  d ia g n o s is .  I t  was 
w ith  t h i s  in  mind th a t  th e  work o f  t h i s  t h e s i s  was un d ertak en .
T here a r e  many c o n s id e r a t io n s  which u n d e r lin e  th e  s u i t a b i l i t y  
o f  t h e  human a lim en ta ry  t r a c t  a s  a ta r g e t  fo r  d e t a i le d  
u lt r a s t r u c t u r a l  in v e s t i g a t i o n .  T hese in c lu d e  th e  m u l t ip l i c i t y  
o f  c e l l  ty p e s  each  e la b o r a t e ly  s p e c ia l i s e d  i n  u l t r a s t r u c t u r a l  
term s; th e  freq u en cy  and c l i n i c a l  im portance o f  g a s t r o - in t e s t i n a l  
n eop lasm s; t h e  common occu rren ce  o f  h i s t o p a t h o lo g ic a l  u n c e r ta in ty  
a s  t o  th e  s i t e  o f  o r ig in  o f  in tra -a b d o m in a l m e ta s ta t ic  tum ours; 
and th e  r e l a t i v e l y  l im it e d  scop e  o f  many o f  th e  p r e v io u s  
u lt r a s t r u c t u r a l  in v e s t ig a t io n s  in  t h i s  f i e l d .
T h is  stu d y  s e t  o u t f i r s t  t o  d e f in e  t h e  range o f  normal 
f in e  s tr u c tu r e  in  th o s e  t i s s u e s  which had n o t r e c e iv e d  d e t a i le d  
a t t e n t io n  by p r e v io u s  w ork ers. I t s  secon d , and major aim , was 
t o  in v e s t i g a t e  t h e  f i n e  s tr u c tu r e  o f  sane o f  th e  common 
neoplasm s o f  th e  a lim en ta ry  t r a c t  w ith  a v iew  t o  e s t a b l i s h in g  
a v a l id  b a s e l in e  f o r  th e  s tu d y  o f  fu tu r e  a t y p ic a l  c a s e s .  I t s  
f i n a l  aim was t o  e x p lo r e  th e  a p p l ic a t io n  o f  two b a s ic  c y to ch em ica l  
m ethods t o  th e  stu d y  o f  norm al and n e o p la s t ic  c e l l s ,  w ith  a v iew  
t o  co n firm in g  t h e  id e n t i t y  o f  c e r t a in  u l t r a s t r u c t u r a l  f e a t u r e s .
An o p p o r tu n ity  was a l s o  tak en  t o  make a p r e lim in a ry  stu d y  o f  t h e
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x -r a y  ir ic r o a n a ly t ic a l  approach t o  c y to c h e m is tr y . T hese aims 
w ere a l l , t o  a  g r e a te r  or  l e s s e r  e x t e n t , s u c c e s s f u l ly  
r e a l i s e d .  The accum ulated d ata  are p r e sen te d  r e g io n  by r e g io n ,  







1 -  C on ven tion a l E le c tr o n  M icroscopy
T is s u e s  w ere o b ta in ed  from b io p sy  and r e s e c t io n  specim ens a s  
shown i n  T ab le  1 . Four t o  e ig h t  b lo c k s  each  m easuring 0*5 -  1 mm 
in  d iam eter w ere ta k en  from t h e  t i s s u e ,  u s in g  a f r e s h  ra z o r  b la d e  
fo r  d i s s e c t io n .  The b lo c k s  w ere im m ed ia te ly  f ix e d  in  p r e - c h i l ie d  
2% g lu ta r a ld e h y d e  i n  p h osp h ate  b u f fe r  (pH 7 . 2 )  a t  4°C f o r  4 - 6  h o u rs , 
washed in  phosp hate b u f f e r ,  p o s t  f ix e d  i n  1 -  2% osmium t e t r o x id e  
i n  d i s t i l l e d  w ater  a t  room tem p eratu re  fo r  35 -  90 m in u tes and v:cdcd 
in  d i s t i l l e d  w ater  fo r  10 m in u te s . The embedding sch ed u le  used  i s  
shown i n  T ab le  2 . The t i s s u e  b lo c k s  w ere k ep t i n  sm a ll g l a s s  
b o t t l e s  u n t i l  t h e  f i n a l  s ta g e ,  and th e  d i f f e r e n t  f l u i d s  changed  
w ith  a p a s te u r  p i p e t t e .
T is s u e  from th e  same specim ens was a l s o  prepared fo r  l i g h t  
m icroscop y by c o n v e n tio n a l m ethods and su b m itted  t o  r o u t in e  h is t c p a t h o lo g ic a l  
ex a m in a tio n . Thick s e c t io n s  (2]Am) from 2 - 4  Epon b lo c k s  from  
each c a s e  w ere c u t on th e  LKB U ltratom e I I I ,  s ta in e d  w ith  1% 
m ethylene b lu e  in  b o r ic  a c id  and examined by l ig h t  m icroscopy t o  
con firm  t i s s u e  i d e n t i t y  and t o  a llo w  s e le c t io n  o f  th e  area  t o  b e  
s e c t io n e d  fo r  e le c tr o n  m icro sco p y . U ltr a th in  s e c t io n s  (30 -  50 nm) 
w ere mounted on copper g r id s ,  s ta in e d  w ith  2% u ra n y l a c e ta t e  in  
d i s t i l l e d  w ater and w ith  le a d  c i t r a t e ,  and examined in  th e  P h i l ip s  
EM 200 and P h i l ip s  EM 301 e le c tr o n  m ic r o sco p es .
The e le c tr o n  m icrographs w ere made on I l f o r d  p l a t e s ,  ty p e  EM -  5 ,
Kodak e le c tr o n  m icroscop e c u t  f i lm ,  and Kodak 35 mm r o l l  f i lm .  The 
n e g a t iv e s  w ere p r in te d  on I l f o r d  p h otograp h ic  p ap ers o f  d i f f e r e n t  
g ra d e s  and d eve lop ed  u s in g  th e  I l f o r d  au tom atic  p r o c e s s o r . The 
p r in t s  w ere su b seq u en tly  f ix e d ,  washed and g la z e d .
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2 -  U ltr a c y to c h e m is tr y
The fo llo w in g  te c h n iq u e s  were u se d ,
i  -  P e r io d ic  a c id  th io c a r b o h y d ra z id e  s i l v e r  p r o te in a te  te c h n iq u e .
Sm all p ie c e s  ( 0 . 5  — 1 mm) o f  th e  norm al and n e o p la s t ic  
t i s s u e s  d e sc r ib e d  above, w ere f r e s h ly  f ix e d  in  2% g lu ta r a ld e h y d e  
in  phosp hate b u f fe r  (pH 7 . 2 )  fo r  4 - 6  h o u r s , and p r o c e sse d  
and embedded in  Epon a s  f o r  c o n v e n tio n a l e le c t r o n  m icroscop y , 
o m itt in g  p o s t  f ix a t io n  in  osmium t e t r o x id e .
U ltr a th in  s e c t io n s  were mounted on s t a i n l e s s  s t e e l  g r id s  
and p r o c e sse d  by th e  p e r io d ic  a c id  th io c a r b o h y d ra z id e  s i l v e r  p r o te in a te  
(PATCH) method d e sc r ib e d  by P ea rse  (1972) which i s  b ased  on th a t  
o f  T h iery  (1 9 6 7 ) . The method i s  shown in  T ab le 3 ,
i i  -  A cid  p h osp h atase  te c h n iq u e .
Sm all p ie c e s  o f  normal and n e o p la s t ic  t i s s u e s  w ere f r e s h ly  
f ix e d  in  5% g lu ta r a ld e h y d e  in  C acod y la te  b u f fe r  (pH 7 .4 )  a t  
4°C fo r  4 h o u r s . The t i s s u e  was th en  m inced in to  even  sm a ller  
p ie c e s  u s in g  a f r e s h  r a zo r  b la d e ;  50ym c r y o s ta t  s e c t io n s  w ere  
a l s o  u se d . The t i s s u e  was washed w ith  a c e ta t e  b u f fe r  c o n ta in in g  
7.5% s u c r o se . For l o c a l i s a t io n  o f  a c ic  p h o sp h a ta se , a m od ified  
Gomori method was used  (E th erto n  and Botham. 1970; H olt and H ick s ,
1961) a s  d e t a i le d  in  T ab le 4 .
The s u b s tr a te  m ixture u sed  h as th e  fo llo w in g  co m p o sitio n :
10 ml o f  1.25% sodium (5-g lyceroph osp hate (pH 5 ) ;  20 ml o f  0.2% 
le a d  n i t r a t e ;  10  ml o f  d i s t i l l e d  w ater; 10 ml o f  t r i s  m a lea te  b u f f e r .  
C o n tro l exp er im en ts w ere c a r r ie d  ou t on s u b s tr a te  -  f r e e  media or  
m edia c o n ta in in g  in h ib i t o r s  such a s  NaF. U ltr a th in  s e c t io n s  were  
c u t  a s  u su a l mounted on copper g r id s  and examined u n s ta in e d .
19
i i i  -  X -r a y  m ic r o a n a ly t ic a l  tech n iq u e*
Specim ens p r o c e sse d  fo r  p e r io d ic  a c id  th iocarb oh yd ra isid e  
s i l v e r  p r o t e in a t e ,  and a c id  p h o sp h a ta se , w ere su b je c te d  t o  
x  -  ray  m ic r o a n a ly s is  f o r  v e r i f i c a t i o n  o f  th e  r e a c t io n  p r o d u c ts . 
A n a ly s is  was perform ed on a P h i l ip s  EM 301 tr a n sm iss io n  e le c tr o n  
m icroscop e which had f a c i l i t i e s  fo r  scanning m icroscopy and 
which was equipped w ith  an EDAX r e t r a c ta b le  e n e r g y -d is p e r s iv e  
x -r a y  sp ectro m eter  cou p led  t o  an EDAX 707A a n a ly se r  w ith  an 
8K Data G en eral Nova Computer f c r  s p e c tr a l  m a n ip u la tio n .
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TABLE X
O rig in  and N ature o f  th e  Specim ens Examined.




Carcinoma Normal T is s u e
Oesophagus - 20 - IS
Stomach - 35 18 10
Sm all I n t e s t in e - - - 6
Large I n t e s t in e 10 33 11 8
Ampulla o f  V ater - 2 -
TABLE 2
The Embedding S ch edu le
P rocess
i
D e t a i l s
1 . D ehydration 10 p er  c e n t  e th a n o l 3 changes o f  10 m inu tes each
I, C lea r in g P rop y len e  o x id e  2 changes o f  10 m in u tes each
J. I n f i l t r a t i o n P rop y len e  o x id e  : Epon m ixture 1 :1  fo r  30 m inu tes
L'« I n f i l t r a t i o n P rop y len e  o x id e  : Epon m ixture 1 :3  fo r  90 m inu tes
>• Embedding Epon m ixtu re  i n  g e l a t i n  c a p s u le s  and rubber mould
>• P o ly m er isa tio n 35°C, 45°C and 60°C oven s each  24 hours
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TABLE 3
Periodic acid thiocarbohydrazide silver proteinate technique
1* F lo a t  or  immerse th e  s e c t io n s  mounted on th e  g r id s  in  1% p e r io d ic  
a c id  in  d i s t i l l e d  w ater  a t  room tem peratu re f o r  60 m in u tes .
2 . R in se  th e  g r id s  i n  d i s t i l l e d  w a ter .
3 . Immerse i n  1% th io c a r b o h y d ra z id e  in  5% a c e t i c  a c id  fo r  
1 - 2  hours a t  6 0 ° c .
4 .  wash in  5% a c e t i c  a c id  a t  45°C fo r  5 - 1 0  m in u tes .
5 .  R in se  in  d i s t i l l e d  w a te r .
6 .  F lo a t  or  immerse th e  g r id s  in  1% s i l v e r  p r o te in a te  s o lu t io n  
in  d i s t i l l e d  w ater i n  dark a t  room tem peratu re f o r  30 -  45 
m in u tes .
7 . R in se  in  d i s t i l l e d  w ater and dry by f i l t e r  p ap er .
8 .  Examine s e c t io n s  u n sta in ed  by u ran y l a c e ta t e  o r  lea d  c i t r a t e .
9 .  P r o c e ss  c o n tr o l  s e c t io n s  w ith ou t p e r io d ic  a c id  or w ithout  
th io c a r b o h y d ra z id e  tr e a tm e n t•
TABLE 4
A cid  Phospha fcase T ech n iq u e
1 . In cu b ate  t i s s u e  w ith  s u b s tr a te  m ixture a t  37°C f o r  60 t o  90 
m in u tes .
2 . Wash w ith  C acod y la te  b u f fe r  (pH 7 . 4 )  fo r  5 m in u tes .
3 .  P o s t - f i x  in  2% osmium t e t r o x id e  in  C acod y la te  b u f fe r  a t  
4°C fo r  2 h o u r s .
4 .  Wash i n  d i s t i l l e d  w ater fo r  5 m in u tes .
5 .  P r o c e ss  and embed a s  fo r  c o n v e n tio n a l e le c tr o n  m icroscop y .






The f i n e  s tr u c tu r e  o f  norm al human g a s t r i c  ( L i l l ib r i d g e ,  1964; 
R ubin, R o ss , S le is e n g e r  and J e f f r i e s ,  1968) and c o lo n ic  mucosa 
(P ittm an  and P ittm an , 1966; Lorenzsonn and T r ie r ,  1968; J im enez, 
A m brosius, Boom and L euze, 1971) h a s been p r e v io u s ly  d e s c r ib e d .
I t  i s  n o t  proposed  t o  d e s c r ib e  o r  i l l u s t r a t e  t h e s e  s tr u c tu r e s  in  
d e t a i l ,  s in c e  th e  o b s e r v a tio n s  undertaken in  th e  co u rse  o f  t h i s  
work w ere in  agreem ent w ith  p r e v io u s  r e p o r t s .  A b r i e f  summary 
o f  th e  p r in c ip a l  f e a t u r e s  o f  c o n tr o l  t i s s u e  from stomach and 
c o lo n  i s  accom panied by a few  r e p r e s e n t a t iv e  m icrograp hs.
The human oesop h agu s, how ever, has n o t been f u l l y  ex p lo red  a t  
t h e  u l t r a s t r u c t u r a l  l e v e l ,  e i t h e r  in  r e la t io n  t o  t h e  sauamous 
mucosa or th e  subm ucosal g la n d s . The main p a r t o f  t h i s  ch ap ter  
d e a ls  w ith  th e  f in e  s tr u c tu r e  o f  th e  n o n -k e r a t in is e d  human 
o eso p h a g ea l m ucosa, drawing com parisons w ith  s im i la r  s u r fa c e s ,  
such a s  b u cca l mucosa and c e r v ix  u t e r i .  The subm ucosal g la n d s  are  
exam ined in  d e t a i l  and compared in  u l t r a s t r u c t u r a l  term s w ith  mucus 
s e c r e t in g  la b ia l  s a l iv a r y  g la n d s , t o  which th e y  b ear a h i s t o l o g ic a l  
resem b la n ce.
The Langerhans c e l l ,  f i r s t  i d e n t i f i e d  by h i s t o l o g i c a l  te c h n iq u e s  
in  th e  upper la y e r s  o f  th e  e p id e r m is , i s  now b e s t  c h a r a c te r is e d  
e le c t r o n - m ic r o s c o p ic a l ly , by th e  p r e sen ce  o f  i t s  d i s t i n c t i v e  cy to p la sm ic  
in c lu s io n s  and by ab sen ce  o f  e p i t h e l i a l  a d h esio n  s p e c ia l i s a t io n s  and 
to n o f i la m e n ts . C e l l s  o f  t h i s  ty p e  have now been  i d e n t i f i e d  in  v a r io u s  
squamous e p i t h e l i a ,  in c lu d in g  sk in  (B irb eck , Breathnach and E v e r a l l ,  
1961; Z e lic k s o n , 1 9 6 5 ) , b u c c a l mucosa (W aterhouse and S q u ir e , 1 9 6 7 ), 
th e  fem ale  g e n i t a l  t r a c t  (Y ounes, R obertson and Bencosme, 1 968 ), 
th e  sheep  rumen (Gemmell, 1973) and th e  upper a lim en ta ry  t r a c t  o f  th e  
mouse (B ock, 1 9 7 4 ). S p e c u la t io n s  a s  t o  t h e ir  n a tu re  and fu n c tio n
2*f
rem ain u n r e so lv e d , a lth ou gh  th e  e a r l i e r  v iew  th a t  th e y  were e f f e t e  
m ela n o cy tes  (M asson, 1926 , 1951) h as now la r g e ly  been d iscou n ted *
The p r e se n t  stu d y  r e p o r ts  th e  o ccu rren ce  o f  m o rp h o lo g ic a lly  t y p ic a l  
Langerhans c e l l s  in  th e  norm al human oesophagus and draws com parisons  
w ith  th e  i n t r a - e p i t h e l i a l  lym phocytes*
OBSERVATIONS
1* Squamous e p ith e liu m  o f  oesop h agu s.
The e p i t h e l i a l  c e l l s  can b e  a l i g n e d  to  th r e e  la y e r s ,  b a s a l ,  
in te r m e d ia te  and s u p e r f i c ia l ,  each  w ith  i t s  c h a r a c t e r i s t ic  f in e  
s tr u c t u r a l  fe a tu r e s*  The b a s a l  c e l l s  a re  c u b o id j  .-»r o b lo n g , w ith  
c e n t r a l ly  p la c ed  n u c le i  which have o c c a s io n a l  in d e n ta t io n s  ( F ig .  1 ) .
The cytop lasm  i s  r e l a t i v e l y  u n s p e c ia l i s e d ,  w ith  m oderate numbers o f  
m ito ch o n d r ia , a sm a ll G o lg i a p p a ra tu s, f r e e  r ib osom es but l i t t l e  
o r g a n ise d  endop lasm ic r e t ic u lu m . There are  a l s o  m oderate numbers o f  
membrane -  l im ite d  d en se  b o d ie s .  F in e  b u n d les  o f  t•.•nofilam ents  
a re  s c a t te r e d  throughout th e  cytop lasm  and are  in s e r t e d  in t o  th e  
c y to p la sm ic  p la t e s  o f  th e  desm osom es. D is t in c t  i n t e r c e l l u la r  sp a ces  
a re  c r o sse d  by in t e r d ig i t a t in g  f o ld s  and p r o je c t io n s  o f  cy top lasm .
The b a s e , r e s t in g  on th e  b a s a l  lam ina , shows numerous hemidesmosomes, each  
c o n s is t in g  o f  a s in g le  dark p la t e  w ith  in s e r t e d  to n o f i la m e n ts , a long  
w ith  t h e  e x t r a c e l lu la r  lam ina which i s  t y p ic a l  o f  t h i s  s tr u c tu r e .
The b a s a l  lam ina i t s e l f ,  40 t o  50 nm in  t h ic k n e s s ,  i s  sep ara ted  
from th e  b a se  o f  th e  e p ith e liu m  by a p a le  in te r s p a c e  o f  around  
50 t o  65 nm ( F ig .  2 ) .
In  th e  in te r m e d ia te  zone o f  th e  e p ith e liu m , t h e  c e l l s  are  
la r g e r  and f l a t t e r  than  b a s a l  c e l l s  ( F ig .  3 ) .  They may have  
co siT ser  b u n d les o f  t o n o f i  lam ents but th e y  are  s im ila r  t o  b a s a l  
c e l l s  in  term s o f  t h e ir  m ito ch o n d r ia , endoplasm ic r e tic u lu m ,  
rib osom e d i s t r ib u t io n  and G o lg i ap p ara tu s.
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The desmosomes appear nvore prom inent in  th e  s u p e r f i c ia l  
p a r t  o f  th e  in te r m e d ia te  la y e r .  However, a t some s i t e s ,  o f te n  
where th e  i n t e r c e l l u l a r  space i s  w idened and c o n v e n tio n a l  
desmosomes a r e  a b s e n t , o c c a s io n a l  in t r a c  y to p la sm ic  desmosomes 
a r e  en cou n tered  ( F ig .  4 ) .  T h ese p a r a d o x ic a l s tr u c tu r e s  have a l l  
o f  th e  m orphology o f  t y p ic a l  desm osom es, w ith  lam inated  s tr u c tu r e  
and in s e r t e d  to n o f i la m e n ts , but th e y  l i e  embedded w ith in  th e  
cytop lasm  in s te a d  o f  form ing an attachm ent w ith  an oth er  c e l l .
T h ese in tr a c y to p la s m ic  desmosomes have no dem onstrab le  l in k  w ith  
t h e  c e l l  su r fa c e  or w ith  any in tr a c y to p la s m ic  membrane system .
A fu r th e r  fe a tu r e  o f  th e  in te r m e d ia te  zone i s  th e  occu rren ce  o f  
"m em brane-coating gra n u les"  in  th e  more d i s t a l  c e l l s .  These  
a r e  d e sc r ib e d  more f u l l y  b e lo w . O cc a s io n a l s in g le  c i l i a  p r o je c t  
i n t o  th e  i n t e r c e l l u la r  sp ace  ( F ig s .  5 , 6 ) .
The c e l l s  o f  t h e  s u p e r f i c ia l  zone o f  th e  mucosa a re  f la t t e n e d ,  
ly in g  p a r a l l e l  t o  th e  s u r fa c e .  They r e t a in  t h e ir  n u c le i  and have  
d i f f u s e  to n o f ila m e n ts  in  a r a th e r  p a le  c y to p la sm ic  m atrix  ( F ig .  7 ) .  
C ytop lasm ic  v a c u o la t io n  i s  common in  th e  d eeper c e l l s  o f  t h i s  zon e.
T h is  i s  a s s o c ia t e d  w ith  th e  p r e se n c e  o f  g ly c o g e n . There a r e  few er  
desmosomes a t  t h i s  l e v e l  in  th e  e p ith e liu m  and th e  c y to p la sm ic  
p r o j e c t io n s  a t  t h e  c e l l  su r fa c e  o n ly  r a r e ly  appear t o  i n t e r d i g i t a t e .
At th e  lu m in al f r e e  s u r fa c e  th e r e  a re  many f i n g e r - l i k e  p r o j e c t io n s ,  
probab ly  r e p r e se n t in g  s e c t io n e d  f o ld s  or  f la p s  o f  cytop lasm  (F ig .  8 ) .
The c e l l  membrane i s  p a r t ic u la r ly  prom inent h e r e , due t o  a s ig n i f ic a n t  
in c r e a s e  i n  th e  th ic k n e s s  and s ta in in g  r e a c t io n  o f  i t s  in n e r  c y to p la sm ic  
l e a f l e t  ( F ig .  9 ) ,  w h ile  th e  o u te r  l e a f l e t  and th e  p a le  in te r s p a c e  
rem ain u n a lte r e d . "M embrane-coating" g r a n u le s  a r e  seen  in  th e  c e l l s  
o f  th e  s u p e r f i c ia l  la y e r .
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The m em brane-coating g r a n u le s  o f  th e  human o esop h agea l mucosa 
a re  s im ila r  t o  th o s e  seen  in  o th e r  n o n -k e r a t in is e d  e p i t h e l i a .  They 
a r e  sm a ll h e tero g en eo u s  o v a l or round g r a n u le s , from 60 t o  350 nm in  
d ia m e te r , l im ite d  by a tr ilam in ar- membrane ( F ig .  1 0 ) .  The lo c a t io n  
and s i z e  o f  th e  d en se  c o n ten t w ith in  i t s  p a le  h a lo  i s  v a r ia b le ,  a t  
l e a s t  p a r t ly  a s  a r e s u l t  o f  p la n e - o f - s e c t io n  e f f e c t s .  Some g r a n u le s  
show a f a in t  in t e r n a l  la m in a tio n  (F ig .  1 1 ) ,  bu t t h i s  i s  n ever  a s  
pronounced a s  in  k e r a t in is e d  e p ith e liu m , where th e  d i s t i n c t i v e  
p e r io d ic i t y  o f  t h e s e  g r a n u le s  i s  t h e ir  most s tr ik in g  p r o p e r ty . 
M em brane-coating g r a n u le s  occu r  in  th e  d i s t a l  c e l l s  o f  th e  
in te r m e d ia te  zone o f  th e  human oesop h agu s, and in  th e  s u p e r f ic ia l  
zo n e . The g r a n u le s  g a th er  a t  t h e  margin o f  th e  c e l l  and dense  
m a te r ia l  resem b lin g  t h e ir  c o n te n ts  i s  o f t e n  se en  in  th e  i n t e r c e l l u la r  
sp ace  ( F ig .  1 2 ) .
T here are  two o th e r  f e a tu r e s  o f  n o te  i n  th e  o eso p h a g ea l m ucosa. 
The p r e sen ce  o f  Langerhans c e l l s  i s  d e sc r ib e d  in  d e t a i l  b e low . The 
d i f f i c u l t i e s  in  d is t in g u is h in g  i n  some in s ta n c e s  betw een Langerhans 
c e l l s  and lym phocytes r a is e d  t h e  q u e s tio n  o f  a r e la t io n s h ip  betw een  
t h e s e  two c e l l  t y p e s .  In  g e n e r a l ,  how ever, t h e  b a la n c e  o f  e v id en ce  
fa v o u r s  a h i s t i o c y t i c  o r ig in  f o r  th e  Langerhans c e l l .  N u clear  
b o d ie s  are  o c c a s io n a l ly  en cou n tered  a t  a l l  l e v e l s  in  th e  oeso p h a g ea l 
e p ith e liu m  ( F ig .  1 ) .  They c o n s is t  o f  a g g r e g a te s  o f  m ic r o f ib r i l la r  
m a te r ia l ,  up t o  600 nm in  d ia m eter , n o t dem arcated p o s i t i v e ly  from  
t h e  n u c le a r  su b sta n c e . The n a tu re  o f  th e s e  s tr u c tu r e s  rem ains 
o b sc u r e . The n u c le a r  b o d ie s  seen  in  t h i s  and o th e r  s i t e s  a re  
d e sc r ib e d  in  d e t a i l  i n  a subsequent ch ap ter  o f  t h i s  t h e s i s .
2 . Submucosal g la n d s  o f  oesop h agu s.
The oeso p h a g ea l g la n d s  a re  s itu a te d  in  th e  submucous c o n n e c tiv e  
t i s s u e ,  con n ected  t o  th e  s u r fa c e  by a s t r a ig h t  d u c t . They are
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composed o f  lo b u le s ,  each c o n s is t in g  o f  a c in a r  and d u c ta l s tr u c tu r e s .  
The a c in i  a re  l in e d  by predom inan tly  mucus s e c r e t in g  columnar, 
e p ith e liu m , th e  d u c ts  by c u b o id a l or s t r a t i f i e d  e p ith e liu m .
Four a c in a r  c e l l  ty p e s  can be i d e n t i f i e d  in  human oesop h agea l 
subm ucosal g la n d s . The predom inant mucous c e l l s  are  r e c o g n ise d  by 
t h e ir  numerous la r g e  p a le  s e c r e t io n  g r a n u le s . O cca sio n a l su b s id ia r y  
s e c r e to r y  c e l l s  a re  s e e n , w ith  s im ila r  cy to p la sm ic  c h a r a c t e r i s t ic s  
but d i f f e r e n t  g ra n u le  p a t t e r n s .  M y o e p ith e lia l c e l l s  are  r e a d ily  
i d e n t i f i e d  by t h e ir  c h a r a c t e r i s t ic  lo c a t io n  and cy to p la sm ic  
f i la m e n ts .  F in a l ly ,  t y p ic a l  o n c o c y te s  are  som etim es encountered  
c lo s e  t o  t h e  o r ig in  o f  th e  d u ct sy stem .
The mucous c e l l s  are  c l o s e l y  packed , pyram idal i n  shape and 
con n ected  by c o n v e n tio n a l ju n c t io n a l  com p lexes. The b u lg in g  lu m in al 
su r fa c e  (F ig .  19) b ea rs  sh o rt sp a r se  m i c r o v i l l i .  The n u c le u s  i s  
pushed t o  th e  p er ip h ery  or  t o  th e  b a se  o f  th e  c e l l  by th e  
accum ulated m ass o f  s e c r e t io n  ( F ig .  2 0 ) .  T hese mucus g r a n u le s  a re  
p a le  and som etim es foamy in  t e x t u r e .  With th e  f ix a t io n  p roced u res  
used  i n  i r i s  s tu d y , in d iv id u a l  l im it in g  membranes are  n o t o b serv ed , 
and g r a n u le s  fr e q u e n tly  c o a le s c e .  There i s  a rim o f  w e l l  o rg a n ised  
g ra n u la r  endop lasm ic r e ticu lu m  a t  th e  b a s a l  a n d p er in u c lea r  a r e a s ,  
and an e la b o r a te  G o lg i system  i s  seen  in  fa v o u r a b le  s e c t io n s .  The 
m itoch on d ria  a r e  s c a t t e r e d  tow ards th e  c e l l  b a s e . They have no 
p a r t ic u la r ly  d i s t i n c t i v e  f e a t u r e s .  There are  o c c a s io n a l  m icrotu b u lar  
in c lu s io n s  w ith in  m itoch on d ria  ( F ig .  2 1 ) .  T h ese tu b u le s ,  15 -  25 nm 
in  d ia m eter , a re  o r d e r ly  in  t h e ir  arrangem ent, u s u a l ly  s t r a ig h t  o r  
s l i g h t l y  curved  and in  lo n g itu d in a l  s e c t io n  th e y  d is p la y  a f in e  
t r a n s v e r s e  p e r io d ic i t y .  F in a l ly ,  th e r e  are in tr a c y to p la s m ic  
m em brane-lim ited  m ic r o f ib r i l la r  b u n d le s , a s s o c ia t e d  w ith  p a le  v a c u o le s  
( F ig s .  20 , 22 , 2 5 ) .  T hese a re  d is t r ib u t e d  throughout th e  cy top lasm ,
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oft€a i ly in g  betw een s e c r e t io n  g r a n u le s .
The l e s s  common su b s id ia r y  s e c r e to r y  c e l l s  o f  th e  a c in u s  
(F ig .  23) a re  in te r p o s e d  betw een mucous c e l l s ,  or l i e  a t  th e  ju n c tio n  
6 f  t h e  a c in u s  and d u c t . The se c r e to r y  g r a n u le s  a re  d i s t i n c t  from  
th o s e  o f  th e  mucous c e l l s ,  b e in g  m em brane-lim ited , s m a lle r , r a th e r  
more d e n se , and homogeneous or s t ip p le d  in  t e x t u r e .  In  o th e r  
r e s p e c t s ,  t h e s e  su b s id ia r y  c e l l s  a re  n ot d is s im i la r  to  th e  mucous 
c e l l s .  A fu r th e r  group o f  c e l l s  d is t in g u is h e d  by th e  p resen ce  o f  
numerous c y to p la sm ic  f i la m e n ts  has sm a ller  g r a n u le s , o f t e n  w ith  
a d en ser  c o r e  and p a le  h a lo  (F ig . 2 4 ) . O cca sio n a l s im ila r  c e l l s  ' 
( F ig .  26) have few  o f  th o s e  d i s t i n c t i v e  g r a n u le s , or  even  none  
a t  a l l .  Such c e l l s  have a l e s s  e la b o r a te  endoplasm ic r e ticu lu m  
th en  t h e ir  g r a n u la te d  c o u n te r p a r ts .
The m y o e p ith e lia l  c e l l s  (F ig .  27) a re  f la t t e n e d  s p in d le  shaped1' 
c e l l s ,  con n ected  by desmosomes t o  th e  o v e r ly in g  e p i t h e l i a l  c e l l s .
They r e s t  upon th e  co n tin u o u s a c in a r  basem ent membrane. The- 
cytop lasm  c o n ta in s  sp a r se  m itoch on d ria  and few  membrane sy stem s, 
but i s  r ic h  in  m yofilam en ts s im ila r  Lo uiiose o f  smooth m u scle , w ith  
t y p ic a l  attachm ent zon es a t  th e  c e l l  b a s e .
O ncocytes a re  found in  sm a ll numbers in  th e  subm ucosal g la n d s , 
o c c a s io n a l ly  i n  sm a ll c lu s t e r s  betw een d u ct and a c in u s  ( F ig .  2 8 ) .  
T h eir  c h a r a c t e r i s t ic  numerous, c l o s e l y  packed m itoch on d ria  may 
appear round, o v a l or e lo n g a te d  ( F ig s .  29 , 3 1 ) .  They have numerous 
c r i s t a e  and o c c a s io n a l  d ense in tr a m ito c h o n d r ia l g r a n u le s . There i s ,  
i n  a d d it io n , a sm a ll G o lg i system , a m oderate complement o f  f r e e  
r ib osom es and a s c a t t e r in g  o f  m em brane-lim ited d en se  b o d ie s .
The c e n t r a l ly  p la c e d  n u c le u s  h as a s l i g h t l y  ir r e g u la r  o u t l in e .  The 
o n c o c y te s  have no u n u su a l s u r fa c e  f e a t u r e s .  They a re  connected t o  
ad ja cen t c e l l s  by j u n c t io n a l  com plexes and desmosomes. th e y  r e s t  on
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t h e  basem ent membrane w ith o u t b a s a l s p e c ia l i s a t io n s  and t h e i r  
f r e e  s u r fa c e  b ord ers th e  g lan d  lumen w ith  few  i f  any m ic r o v i l l i*
V a r io u s  o th e r  f e a t u r e s  which have been d e sc r ib e d  in  p r e v io u s  
s t u d ie s  o f  s a l iv a r y  t i s s u e  w ere n ot en cou n tered  in  t h e s e  g lands*
T hese in c lu d e  s e c r e to r y  c a n a l i c u l i ,  i n t r a e p i t h e l i a l  n erve  
te r m in a ls  and in tr a n u c le a r  in c lu s io n s *  U nm yelinated n e r v e s  a r e ,  
how ever, fr e q u e n tly  found in  th e  p e r ia c in a r  c o n n e c t iv e  t i s s u e ,  o f te n  
c lo s e  t o  th e  b a s a l  lam ina ( F ig .  3 0 ) .  As w e l l  a s  m ito ch o n d r ia , th e s e  
axons c o n ta in  sm a ll agran u lar  and la r g e  d e n se -c o r e d  v e s i c l e s .
3 . D u cts o f  subm ucosal g la n d s .
T h eir  l in in g  ra n g es from f la t t e n e d  c u b o id a i e p ith e liu m  ( F ig .  32) 
a t  th e  ju n c t io n  o f  a c in u s  and d u c t, through two la y e r s  ( F ig .  3 3 ) ,  
t o  a s t r a t i f i e d  p a t te r n . The lum inal s u r fa c e  i s  covered  by sh ort  
ir r e g u la r  m ic r o v i l l i }  th e  c o n ta c t  su r fa c e s  have ju n c t io n a l  com p lexes, 
desm osom es, and some i n t e r d i g i t a t i c n s .  E ven ly  d is t r ib u t e d  m icro­
f i la m e n ts  a r e  more numerous in  t h e  cu b o id a i than th e  columnar c e l l s .  
G ranular endop lasm ic r e tic u lu m  i s  very  s p a r s e , but f r e e  r ib osom es are  
p r e se n t  in  m oderate num bers. In  th e  a p ic a l  cytop lasm  th e r e  a re  some 
empty sm ooth -w alled  v e s i c l e s  from 70 t o  140 nm i n  d ia m eter , a lon g  
w ith  m em brane-lim ited m u lt i lo c u la r  b o d ie s  and pleom orphic d en se  
g r a n u le s . M y o e p ith e lia l c e l l s  s im ila r  to  th o s e  o f  th e  a c in u s  e r e  
p r e se n t  in  d u c ts  w ith  a s im p le  e p i t h e l i a l  l i n i n g ,  but are  ab sen t  
from d u c ts  l in e d  by s t r a t i f i e d  e p ith e liu m .
4 .  Langerhans c e l l s .
The oeso p h a g ea l c le a r  c e l l s ,  which I  have i d e n t i f i e d  a s  Langerhans 
c e l l s  ( F ig .  3 4 ) ,  a re  found in  th e  m iddle and s u p e r f i c ia l  la y e r s  o f  
th e  norm al squamous mucosa and do n o t occur i n  b a s a l  la y e r  or  
b eneath  th e  b a s a l  lam in a . They are  o f te n  ir r e g u la r  in  o u t l in e  (F ig .  35) 
w ith  c y to p la sm ic  p r o t r u s io n s  which e x te n t  ou t from t h e  p er ik aryon
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betw een th e  surrounding squamous c e l l s .  As a r e s u l t  o f  t h i s  
d e n d r it ic  p a tte r n  n o t a l l  s e c t io n s  p a ss  through th e  p er ik a ry o n .
In  some f i e l d s ,  th e  Langerhans c e l l  i s  r e p r ese n te d  o n ly  by a sm all 
c y to p la sm ic  i s la n d  in te r p o la te d  betw een t h e  e p i t h e l i a l  c e l l s .
The r e l a t i v e  p a l lo r  o f  th e  Langerhans c e l l  cy top lasm  i s  in  
c o n tr a s t  w ith  th e  d en ser  m atr ix  o f  a d jacen t squamous c e l l s .
Langerhans c e l l s  are  fu r th e r  d is t in g u is h e d  (F ig .  34) by th e  
com p lete  ab sen ce o f  t h e  desmosomes and to n o fila m e n ts  which are such  
a prom inent f e a tu r e  o f  t h e  normal squamous m ucosa. T h eir  cytop lasm  
( F ig s .  38 , 39) c o n ta in s  m oderate numbers o f 5f r e e  r ib o so m es, 
p r o f i l e s  o f  g ra n u la r  endop lasm ic r e tic u lu m , a w e l l  d evelop ed  G o lg i  
apparatus w ith  la m e lla e  and v a c u o le s ,  o f t e n  w ith  a r e la t e d  c e n t r io le ,  
and a few  round or o v a l m ito ch o n d r ia , w ith o u t p a r t ic u la r  s tr u c tu r a l  
d i s t i n c t i o n .
The n u c le u s  i s  i r r e g u la r  in  co n to u r , o f t e n  w ith  deep in v a g in a t io n s ,  
and may c o n ta in  o n e , or  r a r e ly  two n u c l e o l i .  However, n o t a l l  
Langerhans c e l l s  correspond  t o  t h i s  p a t te r n . C e l l s  such a s  th o s e  
shown in  F ig .  40 and 4 1 , w ith  t y p ic a l  Langerhans g r a n u le s , have a 
much l e s s  e la b o r a te  d egree  o f  c y to p la sm ic  o r g a n is a t io n . I t  i s  o f  
c o u r s e , d i f f i c u l t  to  e x c lu d e  th e  p o s s i b i l i t y  th a t  such v a r ia t io n s  are  
sim ply  th e  consequence o f  s e le c t io n  o f  d i f f e r e n t  p la n e s  o f  s e c t io n  
through d i f f e r e n t  c e l l s .
The s in g le  most d i s t i n c t i v e  fe a tu r e  o f  t h e s e  c e l l s  i s  th e  p r e sen ce  
o f  t y p ic a l  Langerhans g r a n u le s  ( F ig s .  3 6 , 38 , 3 9 ) ,  rod-sh aped  
in c lu s io n s  up t o  460 nm in  le n g th . A median s e c t io n  o f  a Langerhans 
c e l l  in  oesophagus may d is p la y  many o f  t h e s e  g r a n u le s . They have a 
c h a r a c t e r i s t ic  l in e a r  lam inated  in t e r n a l  s tr u c tu r e  and i n  s l i g h t l y  
t a n g e n t ia l  s e c t io n s  show an apparent p e r io d ic  su b s tr u c tu r e . On 
o c c a s io n s  th e  rod-shaped  Langerhans g r a n u le  i s  seen  !o  con n ect 
d i r e c t ly  w ith  t h e  c e l l  membrane ( F ig .  3 7 ) .  Some g r a n u le s  have a
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rounded expansion  a t  one end measuring up t o  150 nm in  d iam ete r  
(F ig .  39 ) .  These a r e  t h e  d i s t i n c t i v e  ' t e n n i s  r a c k e t '  s t r u c t u r e s  
which a r e  d e s c r ib e d  in  th e  ep iderm al Langerhans c e l l s .  In  a d d i t io n  
to  th e s e  o r g a n e l l e s ,  t h e r e  a r e  moderate numbers o f  membrane 
l im i t e d  e l e c t r o n  dense b o d ie s ,  p o s s ib ly  o f  lysosom al n a t u r e .
A second c l e a r  c e l l  found in  th e  human oesophagus i s  th e  t y p i c a l  
i n t r a - e p i t h e l i a l  lymphocyte (F ig .  42) which i s  s im i l a r  i n  appearance 
to  th o s e  found in  th e  i n t e s t i n e  (Toner and Ferguson , 1971). These 
a r e  a l s o  d i s t i n g u i s h e d  by t h e i r  lack  o f  to n o f i  lament s and desmcscrr.es, 
b u t  th ey  d i f f e r  from t y p i c a l  Langerhans c e l l s  i n  s e v e ra l  re sp e c ts*
They do n o t  have th e  c h a r a c t e r i s t i c  Langerhans g r a n u le s ,  t h e i r  
cy to p lasm ic  orgcLuoIl_~ i n  g e n e ra l  l e s s  w e l l  o rg a n is e d ,  and t h e i r  
n u c le a r  morphology te n d s  t o  d i f f e r  from t h a t  o f  th e  Langerhans c e l l ,  
in  having a more prom inent h e te ro c h ro m a t in  component- N e v e r th e le s s ,  
i t  rem ains  d i f f i c u l t  i n  some c a s e s  t o  make a f i rm  d i s t i n c t i o n  cn th e  
b a s i s  o f  morphology between lymphocytes and Langerhans c e l l s .  Some 
c e l l s  c o n ta in in g  uneq u iv o ca l  Langerhans g r a n u le s  (F ig .  41) a re  i n  most 
o th e r  r e s p e c t s  i n d i s t i n g u i s h a b l e  from lymphocytes (F ig .  4 3 ) .  Perhaps 
some o f  t h e  c e l l s  presumed to  be lymphocytes (F ig .  43) a r e  in  f a c t  
Langerhans c e l l s ,  t h e i r  g r a n u le s  ly ing  by chance c u t  w ith  th e  p la n e  
o f  s e c t i o n .  There i s  no doubt t h a t  th e  w e ll  d i f f e r e n t i a t e d  Langerhans 
c e l l  (F ig .  34) and th e  t y p i c a l  lymphocyte (F ig .  42) a r e  r e a d i l y  
s e p a ra te d ,  b u t  th e  b o r d e r l i n e  between th e  l e s s  c l a s s i c a l  examples 
o f  t h e  two c e l l  ty p e s  i s  a t  b e s t  i n d i s t i n c t .  I  d id  n o t i d e n t i f y  any c e l l s  
o f  m e lan o cy t ic  ty p e  i n  t h i s  s tu d y  d e s p i t e  a c a r e f u l  sea rch  f o r  
p r  erne lano some s .
5 . Stomach
The f i n e  s t r u c t u r e  o f  human g a s t r i c  mucosa which was s tu d ie d  
a s  c o n t r o l  m a te r i a l  i s  in  acco rdance  w ith  p re v io u s  d e s c r ip t io n s
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( L i l l ib r i d g e ,  1964; Rubin, R o ss , S le is e n g e r  and J e f f r i e s ,  1963;
Toner, Carr and Wyburn, 1971)*
The su r fa c e  mucous c e l l s  have an a p ic a l  a g g r e g a te  o f  round or  o v a l
g r a n u le s  which have a c lo s e l y  a p p lie d  l im it in g  membrane and m o ttled
o r  s t ip p le d  appearance ( F ig .  4 5 ) .  T h eir  cytop lasm  a ls o  c o n ta in s
a su p ran u clear  G o lg i ap paratus and a m od erate ly  o r g a n ise d  endoplasm ic
r e t ic u lu m . The lum inal s u r fa c e  b e a r s  few  sh o r t m ic r o v i l l i  w ith  an
in co n sp ic u o u s  fu z z y  c o a t .  The c e l l s  a re  con n ected  by ju n c t io n a l
com plexes and desmosomes and r e s t  on a basem ent membrane. The mucous
nock c e l l s  ( F ig .  44 ) have d en ser  g r a n u le s  than th e  su r fa c e  mucous
c e l l s ,  and som etim es th e  g r a n u le s  have e c c e n t r ic a l ly  p la c ed  dense
a r e a s  (F ig  5 0 ) .  The c h ie f  c e l l s  ( F ig .  46 ) are  pyram idal in  shape
and have b a s a l ly  p la c e d  n u c l e i .  T h eir  cytop lasm  c o n ta in s  p a le  g r a n u le s ,
e la b o r a te  endop lasm ic r e t ic u lu m , w e l l  d eve lop ed  G o lg i ap p aratu s.
s c a t t e r e d  m itoch on d ria  and m oderate numbers o f  ir r e g u la r  and p leom orphic
d en se  b o d ie s  ( F ig .  5 4 ) .  The p a r ie t a l  c e l l s  ( F ig s .  4 7 , 43) are
pyram idal in  shape and have b a s a l ly  s i t u a t e d  n u c le i .  T h e ir  cytop lasm
c o n ta in s  numerous o v a l or  round m ito ch o n d r ia , p r o f i l e s  o f  s e c t io n s
through th e  c a n a l i c u l i . numerous t u b u lo v e s ic le s  and m oderate numbers
*»
o f  d en se  b o d ie s  which a re  composed o f  m yelin  f ig u r e s  and g ran u lar  
and amorphous m a te r ia l  ( F ig .  5 3 ) .  The en d o cr in e  c e l l s  ( F ig .  49) 
a re  pyram idal in  shape and o c c a s io n a l ly  reach  th e  lumen. The 
cytop lasm  c o n ta in s  few  m ito ch o n d r ia , sm a ll G o lg i ap paratus and 
few  s c a t t e r e d  c i s t e m a e  o f  endoplasm ic r e t ic u lu m . The se c r e to r y  
g r a n u le s  a re  s c a t t e r e d  below  and around th e  c e n t r a l ly  p la c ed  
n u c le u s .
6 .  C olon .
The f in e  s tr u c tu r e  cf th e  norm al c o lo n ic  mucosa s tu d ie d  a s  
c o n tr o l  m a te r ia l i s  s im ila r  t o  th a t  o f  p r e v io u s  r e p o r ts  (P ittm an
33
and P ittm an , 1966; Lorenzscnn and T r ie r ,  1968; J im e n e z , A m brosius,
Boom and L euze, 1 9 7 1 ) , The columnar a b so r p t iv e  c e l l s  a re  con n ected  
by j u n c t io n a l  com plexes and desmosom es. T h eir  lum inal su r fa c e  
( F ig .  60) i s  covered  by numerous m ic r o v i l l i ,  w ith  a prom inent 
fu z z y  c o a t o f  r a th e r  f in e  f i la m e n t s .  Sm all s p h e r ic a l  v e s i c l e s  are  
p r e se n t  betw een th e  m i c r o v i l l i .  T hese c e l l s  have numerous 
m ito ch o n d r ia , a su p ran u clear  G o lg i apparatus o f  m oderate s i z e  and 
s c a t t e r e d  c i s t e m a e  o f  endop lasm ic r e tic u lu m . There are  membrane- 
l im ite d  v e s i c l e s  i n  th e  a p ic a l  cy top lasm . T h eir  b a s a l n u c le i  a re  
o v a l in  shape. The g o b le t  c e l l s  ( F ig s .  6 0 , 61) have dark n u c le i  
which are  pushed b a s a l ly  or  l a t e r a l l y  to g e th e r  w ith  th e  cy to p la sm ic  
o r g a n e lle s  by th e  accum ulated mucus g r a n u le s . Sm all membrane- 
l im ite d  dense b o d ie s  a re  p r e se n t  in  m oderate numbers in  t h e  cytop lasm  
o f  both  a b so r p t iv e  and g o b le t  c e l l s  (F iq . 6 2 ) .  The c e l l s  o f  th e  
low er one th ir d  o f  th e  c o lo n ic  cry p t ( F ig .  6 3 , 64) have numerous 
m itoch on d r ia , s c a t t e r e d  endop lasm ic r e tic u lu m , numerous f r e e  r ib osom es, 
a sm a ll G o lg i a p p a ra tu s, numerous m em brane-lim ited a p ic a l  v e s i c l e s  and 
numerous l a t e r a l  i n t e r d i g i t a t i o n s .  T h eir  c e n t r a l ly  p la c ed  n u c le i  
are  ir r e g u la r  and fr e q u e n t ly  segm ented (F ig .  6 5 ) .
CHAPTER FOUR 




The h i s t o l o g i c a l  c l a s s i f i c a t i o n  o f  tumours r e l i e s  s u b s t a n t ia l ly  
upon th e  ten d en cy  o f  th e  n e o p la s t ic  c e l l  to  mimic th e  p a t te r n s  o f  
d i f f e r e n t i a t i o n  o f  i t s  c e l l  or t i s s u e  o f  o r ig in .  T h is p r in c ip le  
a p p l ie s  e q u a lly  in  th e  u l t r a s t r u c t u r a l  f i e l d .  Thus, f o r  exam ple, 
a t y p ic a l  m alignant melanoma sh a res  c e r t a in  d i s t i n c t i v e  f in e  
s tr u c tu r a l  f e a t u r e s  w ith  th e  normal m elan ob last (G yorkey, Min,
K tisk o  and Gyorkey 1 9 7 5 ) . In  u l t r a s t r u c t u r e  a s  in  h i s t o lo g y ,  
th e  d i f f i c u l t i e s  o f  c l a s s i f i c a t i o n  ten d  to  in c r e a s e  w ith  
advancing a n a p la s ia .
The p u b lish e d  d e s c r ip t io n s  o f  squamous c e l l  carcinom a in  
v a r io u s  s i t e s  (G reene, Brown and K iv e r t ie ,  1969; L in , L in , Yeh and 
T u j 1969) bear ou t t h i s  p r in c ip l e .  As m ight be e x p e c te d , th e  
more a n a p la s t ic  t h e  tum our, th e  l e s s  c lo s e  i s  i t s  correspond en ce  
t o  th e  c o n v e n tio n a l u l tr a s t u r u c tu r a l  p a t te r n  o f  squamous d i f f e r e n t i a t i o n .  
N e v e r th e le s s , some s u b c e llu la r  c lu e s  t o  h i.c t-ogen esis  may p r e sen t in  
n e o p la s t ic  c e l l s  which have r e g r e s s e d  beyond th e  th r e s h o ld  o f  
a c c u r a te  h i s t o l o g i c a l  c l a s s i f i c a t i o n .  In  such c a s e s ,  f in e  s tr u c tu r a l  
exam in ation  may le a d  to  a more a c c u r a te  d ia g n o s is  than  i s  p o s s ib le  
w ith  l i g h t  m icroscop y . For t h i s  r e a so n , t h e  d e t a i le d  a n a ly s is  o f  
th e  f u l l  range o f  u l t r a s t r u c t u r a l  v a r ia t io n  o f  common tumours such  
a s  squamous carcinom a i s  o f  more than sim p ly  academ ic s ig n i f ic a n c e .
The p r e se n t  study i s  c o n fin e d  to  t h e  u l t r a s t r u c t u r a l  a s p e c ts  o f  
w e l l  d i f f e r e n t ia t e d  squamous carcinom a i n  a s i t e  n o t h i th e r t o  s tu d ie d  
in  d e t a i l ,  th e  human oesop h agu s. I t  i s  a ttem p ted  f i r s t  t o  h ig h l ig h t  
th e  p e r s is t in g  s i m i l a r i t i e s  betw een  th e  ca n cer  c e l l  and i t s  normal 
c o u n terp a rt a s  d e sc r ib e d  in  d e t a i l  in  Chapter 3 . and th en  t o  p o in t  
o u t i t s  p r in c ip a l  c y t o io g ic a l  a b e r r a t io n s .
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OBSERVATIONS
The h i s t o l o g i c a l  p a tte r n  o f  a t y p ic a l  c a s e  in  t h i s  s e r i e s  
i s  shown in  F ig u re  69* A ll  o f  th e  tumours examined in  t h i s  stu dy  
w ere o f  w e l l - d i f f e r e n t ia t e d  squamous ty p e , w ith  " c e l l  n est"  or  
" e p i t h e l ia l  p ea r l"  form ation*
Throughout t h e s e  tum ours, th e r e  a re  many s t r ik in g  u l t r a s t r u c t u r a l  
s i m i l a r i t i e s  betw een th e  n e o p la s t ic  c e l l s  and t h e ir  normal c o u n te r p a r ts , 
a s  d e sc r ib e d  above in  Chapter 3 . The m a jo r ity  o f  c e l l s  have  
a cy to p la sm ic  m atr ix  o f  m oderate d e n s ity  corresp on d in g  to  th a t  o f  
th e  b a sa l c e l l  o f  normal oeso p h a g ea l e p ith e liu m  ( F ig .  7 0 .  The same 
b a s ic  c y to p la sm ic  com ponents are  seen : t h e s e  in c lu d e  r ib osom es, 
g ra n u la r  endoplasm ic r e t ic u lu m , m itoch on d ria  and G o lg i system .
Some v a r ia t io n s  from normal p a t te r n s  are  se e n , such a s  a g e n e r a l  
in c r e a s e  in  th e  f r e e  ribosom e p o p u la tio n  and a l e s s e r  degree  o f  
e la b o r a t io n  o f  th e  c y to p la sm ic  membrane sy ste m s. V ir t u a l ly  a l l  
tumour c e l l s  c o n ta in  th e  c y to p la sm ic  to n o fila m e n ts  v h ic h  a re  
t y p ic a l  o f  squamous c e l l s  b oth  in  oesophagus and e lse w h e r e . As a 
g e n e r a l r u le  th e y  are  c o a r se r  and d en ser  than  th o s e  o f  normal c e l l s .
In some c e l l s  t h e s e  to n o f ila m e n ts  a re  randomly d is t r ib u t e d  in  
co u rse  b u n d le s , w h ile  o th e r s  have f in e  b u n d les  s c a t t e r e d  m ainly  
around th e  n u c le u s .
Perhaps th e  s in g le  most d i s t i n c t i v e  fe a tu r e  o f  squamous 
e p ith e liu m  i s  th e  prom inence o f  desmosomes. which l in k  c e l l  to  c e l l .  
T h is  f e a tu r e  i s  a l s o  t y p ic a l  o f  squamous carcin om a. The desmosomes 
are  in d is t in g u is h a b le ,  in  t h e ir  e s s e n t i a l s ,  from norm al. They 
m easure from 20 t o  45 nm in  th ic k n e s s  and from 200 t o  350 nm in  
le n g th . They a r e , how ever, r a th e r  l e s s  numerous and o r d e r ly  in  
t h e ir  arrangem ent than  th o s e  o f  th e  normal e p ith e liu m .
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Another t y p ic a l  f e a tu r e  o f  th e  normal o esop h agea l squamous 
e p ith e liu m  i s  th e  p resen ce  o f  th e  s o - c a l le d  ’'mem brane-coating"  
g r a n u le s , which are  r e le a s e d  from th e  m aturing squamous c e l l  and 
are  b e l ie v e d  to  c o n tr ib u te  in  some fundam ental way t o  th e  p h y s ic a l  
p r o p e r t ie s  o f  th e  e p ith e liu m . S im ila r  g r a n u le s  a r e  found in  
n e o p la s t ic  squamous c e l l s  ( F ig .  7 1 ) .  They are  l im ite d  by a 
c o n v e n tio n a l tr i la m in a r  membrane and c o n s is t  o f  a d ense co re  
surrounded by a p a le  h a lo .  T h eir  d i s t r ib u t io n  in  th e  tumour i s  
ir r e g u la r .
At low m a g n if ic a t io n s , th e  most s t r ik in g  a b e r r a tio n s  o f  th e  
n e o p la s t ic  squamous c e l l s  a re  th o s e  o f  s i z e  and contour (F ig -  7 3 ) .
Sm all c e i l s  anu la rg ^  a re  r e a d ily  i d e n t i f i e d ,  a s  in  h i s t o lo g y .
U ltr a s tr u c tu r a l  exam in ation  d is p la y s  c l e a r ly  th e  ir r e g u la r i t y  o f  c e l l  
o u t l in e  which c o n tr a s ts w ith  th e  r e g u la r i ty  o f  normal oesop h agea l 
e p ith e liu m . The e x te n t  o f  th e  i n t e r c e l l u la r  space v a r ie s  w id e ly , from  
a m inim al c o n ta c t  gap o f  20 nm ,to  w ide s e p a r a tio n s  o f  200 nm. Sm all 
and la r g e  c y to p la sm ic  p r o t r u s i o n s ,  n o t seen  in  normal e p ith e liu m ,  
may in te r v e n e  betw een c e l l s  w idening th e  gap , w h ile  numerous 
t in y  p r o j e c t io n s  co v er  th e  tumour c e l l  s u r fa c e . Bulbous p r o tr u s io n s  
(F ig .  74) from tumour c e l l s  a r e  r a r e ly  a tta c h e d  t o  t h e ir  neigh b ou rs  
by desmosomes and in  g e n e r a l a re  d evo id  o f  to n o f i la m e n ts , d e s p ite  
t h e ir  p r e sen ce  e lsew h ere  in  th e  cy top lasm .
The n u c le a r  morphology o f  th e  tumour c e l l s  a l s o  v a r ie s  from th a t  
o f  normal e p ith e liu m . B in u c le a te  c e l l s  are common ( F ig .  7 0 ) ,  a s  a re  
m it o t ic  f ig u r e s .  The n u c le i  o f  tumour c e l l s  are  g e n e r a lly  la r g e r  
than  normal and may be lo b u la te d  and segm ented , w ith  m u lt ip le  deep  
in v a g in a t io n s  o f  th e  n u c le a r  e n v e lo p e , form ing c y to p la sm ic  ch a n n e ls  
whose apex may c o n ta c t  one o f  s e v e r a l  prom inent n u c le o l i  (F ig .  7 5 ) .
When c u t t r a n s v e r s e ly ,  such ch a n n e ls  may appear a s  i s la n d s  o f  cytop lasm  
stran d ed  w ith in  th e  c e n tr e  o f  th e  n u c le u s  ( F ig .  7 6 ) .  P a le
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euchrom atin  i s  more p rom in en t, and d en se  h eteroch rom atin  l e s s  
so  than  in  normal c e l l s .  O cc a s io n a l r in g -sh a p e d  n u c le o l i  are  
o n ly  seen  in  n e o p la s t ic  c e l l s  (F ig .  9 3 ) .
C urious in c lu s io n s ,  o r  " n u clear  b o d ies"  are  c o n s is t e n t ly  
p r e se n t  in  tumour c e l l s  but a re  o n ly  r a r e ly  seen  in  normal 
e p ith e liu m . T hese b o d ie s  m easure 60 t o  80 nm in  d iam eter  
and c o n 6 i6 t  o f  a v a r ia b le  c e n t r a l  c o r e  surrounded by a 
m ic r o f ib r i l la r  c o r te x .  T h ese n u c le a r  b o d ie s  a re  d e sc r ib e d  in  
d e t a i l  in  C hapter 7 .
A few  c e l l s  in  t h e s e  tum ours have e i t h e r  a s t r ik in g ly  p a le  or  
an u n u su a lly  d ense c y to p la sm ic  m atrix  (F ig .  7 7 ) .  T hese " lig h t"  
and "dark" c e l l s  (L in , L in , Yeh and Tu, 1 9 6 9 ), are  s c a t te r e d  
s in g ly  betw een th e  main p o p u la t io n . The h igh  d e n s ity  o f  th e  dark 
c e l l  i s  a t t r ib u t a b le  in  p a r t  t o  in c r e a s e d  numbers o f  c y to p la sm ic  
to n o f i la m e n ts . The l i g h t  c e l l s  a r e  r e l a t i v e l y  d e f i c i e n t  in  to n o fila m e n ts  
a s  w e l l  a s  showing a d i s t i n c t i v e  p a l lo r  o f  th e  c y to p la sm ic  m a tr ix .
T h eir  n u c le i  are a l s o  p a le .
The m aturing squamous c e l l  o f  th e  s u p e r f i c ia l  la y e r s  o f  th e  
normal oesop h agea l mucosa d is p la y s  a d i s t i n c t i v e  th ic k e n in g  o f  i t s  
c e l l  membrane, due t o  in c r e a s e d  d e n s ity  o f  th e  in n e r  l e a f l e t  o f  i t s  
tr i la m in a r  s tr u c tu r e . There, i s  no corresp on d in g  s p e c ia l i s a t io n  o f  
t h e  n e o p la s t ic  c e l l  membrane.
A c u r io u s  fe a tu r e  o f  th e  tumour c e l l s  i n  t h i s  stu d y  was th e  
freq u en t occu rren ce  o f  in tr a c y to p la s m ic  desmosomes ( F ig s .  78 7 9 ) .
T h is  p a r a d o x ic a l s tr u c tu r e  h a s  been  r e c o g n ise d  in  v a r io u s  o th e r  
s i t u a t io n s  and i s  o c c a s io n a l ly  seen  in  normal oesop h agu s.
I t  c o n s i s t s  o f  th e  c h a r a c t e r i s t i c  lam in ated  desmosome s tr u c tu r e  
com p lete  w ith  a tta c h e d  c y to p la sm ic  to n o f i la m e n ts . I t s  membrane 
com ponents how ever, are  n o t in  c o n t in u ity  w ith  th e  su r fa c e  membrane
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o f  th e  c e l l  o r  w ith  any e x te n s iv e  in t r a c y to p l a s m ic  membrane 
system , i n  a s  much a s  t h i s  can be de term ined  by t i l t i n g  th e  
s e c t io n  t o  exc lude  c o n t in u i t y  w ith  an o b l iq u e ly  s e c t io n e d  
membrane s u r f a c e  (F ig s .  82, 83, 8 4 ) .  I n t r a c y to p la s m ic  desmosomes 
a r e  p a r t i c u l a r l y  common in  m i t o t i c  f i g u r e s ,  where c o n v e n t io n a l  
desmosomes a r e  i n f r e q u e n t ,  and in  th e  c e l l s  o f  th e  e p i t h e l i a l  
p e a r l ,  where th e  cy toplasm  i s  packed w ith  c o a rs e  bun d le s  c f  
to n o f i la m e n t  s •
The boundary between normal e p i th e l iu m  and u n d er ly in g  
co n n ec t iv e  t i s s u e  i n  th e  oesophagea l mucosa i s  marked by a 
con t in u o u s  f i l a m e n tc u s  dense l a y e r ,  th e  b a s a l  lam ina . T h is  
c lo s e ly  fo l lo w s  th e  c o n to u rs  o f  th e  base  o f  th e  e p i th e l iu m .  
Hemidesmosomes a r e  p r e s e n t  a t  th e  c e l l  s u r f a c e  which l i e s  
ir .  c o n ta c t  w ith  t h i s  b a s a l  lam ina. In  squamous carcinoma 
th e  g roups o f  tumour c e i l s  a r e  sometimes s i m i l a r l y  demarcated 
from th e  surrounding  stroma (F ig .  70): th e  b a s a l  lamina i s  
c o n t in u o u s ,  a l though  th e  hemidesmosomes a re  l e s s  consp icuous than  
in  normal e p i th e l iu m .  E lsew here ,  however, th e  b a s a l  lamina i s  
v i r t u a l l y  ab sen t  from tumour c e l l s ,  w idely  b reached  by 
p seudopod ia l  cy to p lasm ic  p r o j e c t i o n s  which ex tend  from t h e  m alignan t 
c e l l s  i n t o  th e  su rround ing  stroma (F ig .  8 0 ) .  Where th e  b a s a l  lamina 
i s  d e f i c i e n t ,  hemidesmosomes a r e  a l s o  a b se n t  from th e  s u r fa c e  o f  
t h e  tumour c e l l .
The c e l l s  o f  th e  e p i t h e l i a l  p e a r l  have no c o u n te rp a r t  i n  
normal human oesophagus; they  more c lo s e ly  resem ble  k e r a t i n i s i n g  
e p i t h e l i a l  c e l l s  from th e  e p id e rm is .  T h e i r  n u c l e i  a r e  condensed 
and p y k n o tic  (F ig .  8 1 ) ,  f i n a l l y  d i s i n t e g r a t i n g .  T h e i r  cy top lasm ic  
o r g a n e l l e s  a r e  l a r g e ly  r e p la c e d  by numerous randomly o r i e n t e d  
to n o f i la m e n ts ,  which may a l s o  appear w i th in  th e  n u c le u s  (F ig s .  81, 8 5 ) .  
Dense cy to p la sm ic  k e r a to h y a l in  g r a n u le s  a r e  seen sometimes in  th e s e
ko
c e l l s  (F ig .  86) b u t in  no o th e r s  in  th e  tumours exam ined.
A d i s t i n c t i v e  v a r ie t y  o f  in tr a c y to p la s m ic  in c lu s io n  o ccu rs  in  
t h e s e  c e l l s .  T hese s tr u c tu r e s  ( F ig s .  87 8 8 ) ,  c o n v e n ie n tly
term ed " th ic k -w a lle d  v e s ic l e s "  are  round or o v a l in  co n to u r , 
a t  t im e s  w ith  a f o c a l  in v a g in a tio n *  t h e ir  d iam eter b e in g  from  
300 t o  600 nm. They a re  a p p a ren tly  p a r t it io n e d  from th e  cytop lasm  
by an in t a c t  l im it in g  e n v e lo p e , c o n s is t in g  o f  two d ense lam inae, 
each about 8 nm in  t h ic k n e s s ,  sep ara ted  by a 5 nm in te r s p a c e  in  
which a 7 nm p e r io d ic i t y  o c c u r s . The m a te r ia l e n c lo se d  w ith in  
t h e s e  v e s i c l e s  c lo s e l y  resem b les  th e  cy to p la sm ic  m a tr ix , but 
c o n t in u ity  w ith  i t  i s  not o b serv ed .
There are  o c c a s io n a l  p leom orphic m em brane-lim ited d ense b o d ie s  
in  th e  cytop lasm  o f  n e o p la s t ic  c e l l s  ( F ig .  9 3 ) .
F in a l ly ,  an o c c a s io n a l  f in d in g  in  c a s e s  o f  squamous carcinom a i s  
th e  occu rren ce  o f  Langerhans c e l l s .  T hese normal in h a b ita n ts  o f  
th e  human o eso p h a g ea l mucosa are  r e co g n ise d  by t h e ir  d i s t i n c t i v e  





In r e c e n t  y e a r s  g a s t r ic  carcinom a has been  in v e s t ig a te d  by 
v a r io u s  w orkers, u s in g  th e  tec h n iq u es  o f  e le c tr o n  m icroscopy  
(A ib o s h i, 1960; Izum i, 1962; Onoe, 1962; Goldman and Ming, 1 9 6 8 ) .  
Some q u a n t ita t iv e  d i f f e r e n c e s  have been d e sc r ib e d  betw een cancer  
c e l l s  and t h e ir  normal c o u n te r p a r ts , such as th e  i r r e g u l a r i t i e s  o f  
th e  con tou rs o f  n e o p la s t ic  c e l l s  and t h e ir  n u c le i  and th e  in c r e a se d  
numbers o f  t h e ir  m ic r o v i l l i .  The u ltr a s t r u c t u r e  o f  m e ta s ta t ic  g a s t r i c  
carcinom a h a s , how ever, n o t y e t  been  f u l l y  e x p lo r e d .
Two u l t r a s t r u c t u r a l  ty p es  o f  g a s t r ic  can cer  have been d e sc r ib e d  by  
S asano, Nakamura, A rai and Akazaki (1 9 6 9 ) •  These are c a l le d  the  
g a s t r i c  and i n t e s t i n a l  ty p e , th e  d i s t i n c t i o n  b e in g  made on th e  b a s i s  o f  
th e  p resen ce  or ab sen ce o f  mucous s e c r e t io n  g r a n u le s , g o b le t  c e l l s  and 
brush b ord er .
In  th e  p r e sen t in v e s t ig a t io n ,  an a ttem p t was made to  look  a t  
s e v e r a l  a s p e c ts  o f  th e  u ltr a s t r u c t u r e  o f  g a s tr ic  cancers f i r s t l y  to  
compare g a s t r ic  can cer  c e l l s  w ith  th e  normal c e l l  p o p u la tio n s  o f  th e  
human stom ach; se c o n d ly  to  e x p lo r e  th e  con cep t o f  th e  two 
u lt r a s t r u c t u r a l  ty p e s  o f  g a s t r ic  carcinom a; and t h ir d ly  to  examine 
some exam ples o f  m e ta s ta t ic  g a s t r i c  tum ours.
OBSERVATIONS 
1• W ell D if f e r e n t ia t e d  G a str ic  Adenocarcinoma
The c r i t e r i a  o f Sasano e t  a l  ( 1 9 6 9 ) were used  in  th e  a ssessm en t o f  
th e s e  c a s e s .  The two ty p es  o f  g a s t r ic  carcinom a re co g n iz e d  by th e s e  
w orkers were d is t in g u is h e d  on th e  b a s is  o f  th e  p resen ce  or ab sen ce o f  
mucous s e c r e t io n  g r a n u le s , s im ila r  to  th o se  o f  g a s t r ic  mucous c e l l s ,  o f  
g o b le t  c e l l s  and o f  a w e ll-d e v e lo p e d  brush b o rd er . In  th e  p r e se n t  
s tu d y , th e  occu rren ce was confirm ed o f  two u l t r a s t r u c t u r a l  ty p e s  o f
g a s t r i c  adenocarcinom a, each w ith  i t s  c h a r a c t e r i s t i c  f e a t u r e s ;  th o se  
o f  g a s t r i c  c e l l  type which co n ta in ed  mucous s e c r e t io n  g ra n u le s  i d e n t i c a l  
to  th o se  of g a s t r i c  mucous c e l l s ,  and those  of i n t e s t i n a l  c e l l  type  
which d id  no t c o n ta in  mucous g ra n u le s  b u t  had long m i c r o v i l l i  and were 
i n t e r s p e r s e d  w ith  g o b le t  c e l l s .  These two ty p es  of g a s t r i c  carcinoma 
correspond  to  th o se  of Sasano e t  a l  (19^9)- The p r e s e n t  s tudy  r e v e a le d  
a d d i t i o n a l  f in e  s t r u c t u r a l  d e t a i l s ,  n o t  p re v io u s ly  d e s c r ib e d ,  which were 
found to  a s s i s t  in  d i s t i n g u i s h in g  th e s e  two p a t t e r n s ,
a) G a s t r ic  type  The h i s to lo g y  of a t y p i c a l  case  o f  t h i s  type  o f  
g a s t r i c  carcinoma i s  shown in  F ig u re  95*
The columnar n e o p l a s t i c  c e l l s  (F ig .  96) a r e  a r ran g ed  in  an a c i n a r  
p a t t e r n .  They axd <^ 1— packed and connected by co n v en tio n a l  
j u n c t i o n a l  complexes and desmosomes, w ith  few l a t e r a l  i n t e r d i g i t a t i o n s .  
T h e i r  lum inal s u r fa c e  b e a rs  few s h o r t  and i r r e g u l a r  m i c r o v i l l i  w ith  th e  
fuzzy  co a t  of s h o r t  f i l a m e n ts  s im i l a r  to  th o se  o f  g a s t r i c  mucous c e l l s .  
The n e o p l a s t i c  c e i l s  r e s t  on a con t inuous  f i b r i l l a r  lamina densa .
The cy top lasm ic  m a tr ix  i s  of m oderate d e n s i ty  comparable to  t h a t  o f  
g a s t r i c  mucous c e l l s .
The most d i s t i n c t i v e  f e a t u r e  of the  n e o p la s t i c  c e i l s  of t h i s  type  
o f  g a s t r i c  carcinoma i s  the  p resen ce  o f  an a g g re g a te  o f  g ra n u le s  in  th e  
a p i c a l  cy toplasm . The f in e  s t r u c t u r e  o f  th e s e  g ra n u le s  (F ig s .  97> 99) 
i s  i d e n t i c a l  to  t h a t  o f  th e  mucous s e c r e t io n  g ra n u le s  of g a s t r i c  mucous 
c e l l s  (F ig s .  44, 45)• They a r e  o va l or round in  shape and have a 
c l o s e l y  a p p l ie d  l i m i t i n g  membrane and a homogenous or m e tt led  ap p ea ran ce .  
The amount o f  th e se  g ra n u le s  i s  v a r i a b l e  from case  to  case  and even from 
c e l l  to  c e l l  w i th in  one ca se .  The n e o p la s t i c  c e l l s  have a s u p ra n u c le a r  
G olgi ap p a ra tu s  of moderate s i z e ,  a few s c a t t e r e d  c i s t e r n a e  of g r a n u la r  
endoplasm ic r e t ic u lu m ,  numerous ribosom es and moderate numbers o f  
m ito ch o n d r ia .
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In  t h i s  type o f  g a s t r ic  carcinom a, v a r io u s  s tr u c tu r a l  
a b e r r a tio n s  o f  some cy to p la sm ic  o r g a n e lle s  were n o ted , p a r t ic u la r ly  
th e  m itoch on d ria , endoplasm ic re ticu lu m  and membranous s t r u c t u r e s .
Some m itochondria  were seen  to d is p la y  tu b u la r  or v e s ic u la r  c r i s t a e  
w ith  an e le c tr o n  lu c e n t  in tr a m ito c h o n d r ia l m atrix  ( F ig .  9 9 )• O thers  
had c o n c e n tr ic  c r i s t a e  (F ig .  101) or con ta in ed  rod-sh aped  in c lu s io n s  
( F ig .  1 0 0 ), 10 to  15 nm. in  d ia m eter . These in tr a m ito c h o n d r ia l in c lu s io n s  
d is p la y e d  in te r n a l  p e r io d ic i t y .  C r y s ta l l in e  in c lu s io n s  in  d i la t e d  
c is t e r n a e  o f  th e  gran u lar  endoplasm ic re ticu lu m  are  seen  in  t h i s  typ e  o f  
g a s t r i c  carcinom a ( F ig .  1 0 2 ). These in t r a c i s t e r n a l  in c lu s io n s ,  which  
occur in  some c e l l s  of' every  c a se  exam ined, are composed o f  long  p a r a l le l  
and curved rod-shaned s tr u c tu r e s  o f  about 10 to  17 ttm. in  d ia m eter . 
C on cen tr ic  membranous s tr u c tu r e s  ( F ig .  103) were a l s o  se e n . These  
in c lu s io n s ,  which som etim es co n ta in ed  m oderately  d en se  m a te r ia l , showed 
no c o n s is t e n t  s tr u c tu r a l  r e la t io n s h ip  to  any o th e r  cy to p la sm ic  o r g a n e lle .  
The membranes surrounding th e se  in c lu s io n s  are  tr i la m in a r  s t r u c t u r e s ,  
th ic k e r  than th o se  o f  th e  m itochondria  and endoplasm ic r e ticu lu m ,
b ) I n t e s t in a l  ty p e  The h i s t o l o g i c a l  p a tte r n  o f  a t y p ic a l  ca se  o f  t h i s  
type o f  g a s t r ic  carcinom a i s  shown in  F igu re 104*
The s t r ik in g  fe a tu r e  o f  th e  n e o p la s t ic  c e l l s  o f  t h i s  type o f  
g a s t r i c  carcinom a i s  t h e ir  d i s s i m i l a r i t y  to  th e  g a s t r ic  mucous c e l l s .
Not o n ly  was th e r e  an absen ce o f  mucous g r a n u le s , but in  a d d it io n  th e s e  
c e l l s  p o sse sse d  numerous lo n g  m ic r o v i l l i  which resem bled  th o se  o f  
i n t e s t i n a l  c e l l s .
The n e o p la s t ic  c e l l s  are t a l l  and columnar in  ty p e , arranged in  an 
a c in a r  p a tte r n  around sp aces o f  v a r ia b le  s i z e  ( F ig .  1 0 5 ). T h eir  apex  
b ea rs  more numerous and t a l l e r  m ic r o v i l l i  (F ig . 106) than th o se  o f  
normal g a s t r ic  e p ith e liu m  and g a s t r i c  type adenocarcinom a. Each 
m ic r o v il lu s  has a lo n g  m icro fila m en to u s core in s e r te d  in to  th e  a p ic a l
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cytop lasm  ( F ig .  1 0 8 ) . Sm all s p h e r ic a l  v e s i c l e s  are  som etim es seen  
betw een the m ic r o v i l l i .  S im ila r  v e s i c l e s  were n ot seen  in  normal 
g a s t r i c  c e l l s  or in  th e  g a s t r ic  typ e o f  carcinom a. The fu zzy  co a t  
i s  prom inent and i s  composed o f  r a th e r  f in e  f i la m e n t s .  The
n e o p la s t ic  c e l l s  r e s t  on a con tin u ou s f i b r i l l a r  lam ina densa s im ila r  
t o  th a t  o f  normal g a s t r ic  e p ith e liu m . The c e l l s  are connected  by  
t y p ic a l  ju n c t io n a l  com plexes and desmosomes and have numerous l a t e r a l  
i n t e r d i g i t a t io n s ,  p a r t ic u la r ly  a t  t h e ir  b a sa l p a r ts  ( F ig .  1 0 7 ).
The cytoplasm i s  o f moderate d en sity  and contains no mucous 
secretio n  granules. There i s ,  however, a w ell developed supranuclear 
Golgi apparatus, with scattered  c istern ae  of granular endoplasmic 
reticulum , moderate numbers o f ribosomes and oval or round mitochondria 
(F ig . 109)» fea tu res more or le s s  sim ilar  to those o f tumours of g a s tr ic  
c e l l  type. There are some apparently empty membrane-limited v e s ic le s  
in  the supranuclear and ap ica l cytoplasm. Sim ilar v e s ic le s  are a lso  
sometimes seen to  contain dense m aterial, p a r ticu la r ly  when they l i e  in  
the supranuclear region (F ig . 114)* Such vesic le ': are absent from 
g a str ic  carcinoma of g a str ic  c e l l  type.
G oblet c e l l s  are o c c a s io n a l ly  se en  in  t h i s  ty p e  o f  g a s t r ic  
carcinom a, but n o t in  normal g a s t r i c  mucosa or in  g a s t r ic  type  
carcinom a. These g o b le t  c e l l s  have dark n u c le i  which are pushed  
b a s a l ly ,  to g e th e r  w ith  th e  c y to p la sm ic  o r g a n e lle s ,  by t h e ir  accum ulated  
mucous g ra n u les  ( F ig .  1 1 0 ) . They are  in te r p o se d  betw een th e  l e s s  
d i f f e r e n t ia t e d  can cer  c e l l s  and th ey  have few  sh o r t  ir r e g u la r  
m ic r o v i l l i .
The n u c le i  o f  both  ty p es  o f  g a s t r i c  carcinom a are  la r g e r  and more 
ir r e g u la r  than th o se  o f  normal g a s t r i c  e p ith e liu m . They are  b a s a l ly  
or c e n t r a l ly  s i t u a t e d  and c o n ta in  prom inent n u c l e o l i .  Deep 
in v a g in a t io n s  o f  th e  n u c lea r  en v e lo p e  may form ch a n n e ls  o f  cytop lasm
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lead ing to the n u c leo li (P igs. 1 1 1 , 112, 113). Nuclear bodies and 
c o ile d  in c lu sion s are a lso  found in  the nu clei o f both types of 
g a s tr ic  carcinoma. These fea tu res are described in  greater d e ta il  
in  Chapter 7»
In the cytoplasm o f both types o f g a str ic  carcinoma there are 
moderate numbers o f membrane-limited homogenous and pleomorphic 
dense bodies (F ig s. 115, 116 ) .
2 . Poorly D ifferen tia ted  G astric Carcinoma
There are two types o f poorly d ifferen tia ted  g a str ic  aarp.iuoma, 
d istin gu ish ed  by the presence or absence of mucous secretio n  granules 
id e n t ic a l to those o f g a str ic  mucous c e l l s ,  and by th e ir  tendency 
towards acinar iormatiuu. These two types o f tumour are sim ilar  in  
most other cytoplasm ic and nuclear fea tu res0
Those cases o f poorly d iffe re n tia te d  carcinoma which contained  
mucous granules a lso  showed occasional a c in u s-lik e  spaces (F ig . 117)• 
The n eop lastic  c e l l s  arran ge around these spaces have cytoplasm ic 
p rojection s extending in to  the lumen. These projection s lack the 
microfilamentous core o f m ic r o v illi , and have no obvious fuzzy coat.
The mucous secretion  granules are id e n t ic a l tc  those of g a str ic  mucous 
c e l l s .  They have a c lo se ly  applied lim itin g  membrane and a m ottled o r  
s tip p led  appearance. There are e cc e n tr ic a lly  placed dark areas in  
some o f  these granules (F ig . 119)« The granules are d istr ib u ted  
throughout the cytoplasm with frequent aggregations in  the ap ica l 
cytoplasm.
The other type of poorly d iffe re n tia te d  carcinoma did not contain  
mucous secretion  granules and showed no tendency to form a c in u s-lik e  
spaces.
The c e l l 3 of both types r e s t  on a continuous basal lamina 
(F ig . 118), and are connected by desmosomes which appear to be le s s
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prom inent and o r d e r ly  than th o se  o f  w e ll  d i f f e r e n t ia t e d  g a s t r ic  
carcinom a. The cytop lasm  o f  both  ty p e s  c o n ta in s  a m oderately  w e ll  
d eve lop ed  G o lg i ap p ara tu s, sm a ll to  moderate numbers o f  m itoch on d ria , 
s c a t t e r e d  c is t e r n a e  o f  gran u lar  endoplasm ic re ticu lu m  and numerous 
ribosom es ( F ig .  1 2 0 ) . T h eir  n u c le i  are  la r g e  and ir r e g u la r ,  and 
c o n ta in  prom inent n u c le o l i  and n u c le a r  b o d ie s . In tr a n u c le a r  c o i le d  
in c lu s io n s  s im ila r  to  th o se  o f  w e ll  d i f f e r e n t ia t e d  g a s t r i c  carcinom a, 
a lth o u g h  p resen t in  every  c a s e , are  encountered  o n ly  r a r e ly  and demand 
c a r e fu l  search  o f  many s e c t io n s .  These fe a tu r e s  are d e scr ib ed  in  
d e t a i l  in  Chapter 7»
3. G astric Lymphoma
A s in g le  c a se  o f  g a s t r ic  lymphoma was exam ined, to  se rv e  a s  
com parison w ith  th e  o a se s  o f  carcinom a d e sc r ib e d  ab ove.
The compact c e l l s  o f  g a s t r ic  lymphoma ( F ig .  121) are more c l o s e l y  
packed than th o se  o f  p o o r ly  d i f f e r e n t ia t e d  g a s t r i c  carcinom a. There 
are  no d i s t i n c t  i n t e r c e l l u la r  sp a ces  such a s  th o se  which se p a r a te  th e  
c e l l s  o f  carcinom a, and the n e o p la s t ic  lymphoid c e l l s  la c k  th e  
d i s t i n c t i v e  e p i t h e l i a l  a d h esion  s p e c ia l i s a t io n s  seen  in  the e p i t h e l i a l  
neoplasm s o f  th e  stom ach (F ig .  1 2 2 ) .
The cytop lasm  o f  th e  n ° o p la s t ic  c e l l s  c o n ta in s  s c a n t ie r  o r g a n e lle s  
th an  in  c a se s  o f  g a s t r i c  carcinom a. There are  few m itoch on d ria , no 
o rg a n ised  gran u lar  endoplasm ic re ticu lu m  and o n ly  an o c c a s io n a l  
d im in u tiv e  G o lg i sy stem . V a r ia b le  amounts o f  f r e e  r ib osom es, o c c a s io n a l  
m em brane-lim ited v e s i c l e s  and m em brane-lim ited d ense b o d ie s  are  
en cou n tered . O cca sio n a l c e l l s  w ith  s t r ik in g ly  p a le  cytop lasm  and v ery  
sc a n ty  o r g a n e lle s  ( F ig .  122) are  s e e n .
The n u c le i  a re  la r g e , ir r e g u la r  and may be segm ented or 
b in u c le a te d . The n u c le  G il a lti prom inent. The n u c le i  o f  lymphoma are  
g e n e r a lly  darker than th o se  o f  carcinom a, w ith  a chrom atin  p a tte r n
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rem iniscent o f mature lymphocytes.
4 . M etastatic G astric Tumours
A ll m etastatic  g a s tr ic  tumours examined in  th is  study were 
obtained from omental d ep osits or mesenteric lymph node d ep osits o f  
g a str ic  carcinoma, the primary s i t e  being confirmed a t laparotomy,
a) Well d iffe re n tia te d  m etastatic g a str ic  adenocarcinoma The h is to lo g y  
o f a ty p ica l case o f th is  s e r ie s  i s  shown in  Figure 130.
In a l l  cases o f m etastatic g a s tr ic  adenocarcinoma examined in  the 
present study, the n eop lastic  c e l l s  had featu res rem iniscent 01 g a s tr ic  
mucous c e l l s .  The low columnar c e l l s  are arranged around wide lumina 
and have few irregu lar  ap ica l m ic r o v illi (F ig . 133)* Fach m icrovillu s  
has a microfilamentous core which does not extend in to  the ap ica l 
cytoplasm. The fuzzy coat co n s is ts  o f rather f in e  filam en ts. The 
c e l l s  are separated from the underlying stroma by a continuous basal 
lamina. They are connected by ju nctional complexes and desmosomes 
and frequently in te r d ig ita te  a t th e ir  basal p arts . The cytoplasm i s  
o f moderate d en sity  and contains an ap ica l aggregate o f granules 
(F ig s . 131» 132) id e n tic a l to those of g a str ic  mucous c e l l s  (F ig s. 44» 
45, 50 ). The ind iv idu al granules are enclosed by a c lo se ly  applied  
lim it in g  membrane, and have a dense homogenous, stip p led  or mottled  
appearance. There are e cc e n tr ic a lly  placed dense areas in  some o f  
th ese granules (F ig . 131) sim ilar  to  those o f g a str ic  mucous neck 
c e l l s  (F ig . 50 ). The number of granules present in  the tumour c e l l s  
i s  v a r ia b le . The cytoplasm contains a Golgi apparatus o f moderate 
s iz e ,  scattered  c istern ae  o f granular endoplasmic reticulum , numerous 
ribosomes and moderate numbers o f mitochondria. Frequently seen in  
the cytoplasm are apparently empty spaces which are not lim ited  by a 
membrane.
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Various a ty p ica l cytoplasmic organelles were seen . Aberrations 
occurred p a r ticu la r ly  in  the mitochondria, endoplasmic reticulum  and 
membranous s tru ctu res . Some mitochondria were found to d isp lay  
tubular or vesicu la r  c r is ta e  with an electron  lucent intram itochondrial 
matrix (F ig s. 136, 137)• Others were ring-shaped (F ig s. 133, 139)» 
displayed concentric c r is ta e  (F ig s . 140, 141)> contained a cen tra l 
in c lu sio n  o f m aterial which resembled the surrounding cytoplasmic 
matrix (F igs. 1 4 2 , 143)• This appearance could perhaps be explained  
on the basis o f an invaginated "cup-shaped" mitochondrion, such as 
that shown in  Figure 144-
Some d ila t  ed c istern a  e o f granular endoplasmic retir.ulum are 
sometimes seen to contain arrays o f tubular in c lu sio n s (F ig s. 145* 146)• 
These tubular structures are convoluted and smooth surfaced. Curious 
arrays of granular endoplasmic reticulum  are sometimes seen to be 
continuous with aggregates o f smooth endoplasmic reticulum  (F ig . 148)* 
D is tin c tiv e  membranous structures are sometimes present in  the 
cytoplasm of m etastatic  g a str ic  adenocarcinoma (F ig . 147)* These 
c o n s is t  of a network o f convoluted smooth-surfaced membranes, with  
in tervening dense m ateria l. There i s  no apparent structu ra l 
re la tio n sh ip  between these in c lu sio n s and any other cytoplasmic 
organ elle .
The large b a sa lly  s itu a ted  n u c le i are irregu lar  in  ou tlin e  and 
round in  shape. Their prominent n u c le o li may show stru ctu ra l 
aberrations. Ring-shaped n u c le o li, some with a nucleolar cap, are 
seen (F ig s . 134» 135)• Nuclear bodies with a dense central core 
and m icro fib r illa r  cortex (F ig . 133) are a lso  seen, as d e ta iled  in  
Chapter 7»
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b) Poorly differentiated metastatic gastric carcinoma The histology 
of a typical case of poorly differentiated metastatic gastric carcinoma 
is shown in Figure 152.
Ultrastructurally, there are small and large cells with pale 
cytoplasmic matrix and irregular contours (Fig. 153). These cells 
are closely packed with no distinct intercellular spaces or lateral 
interdigitations.
The solid masses of neoplastic cells are separated by a fibrillar 
lamina densa from the surrounding stroma (Fig. 155)* True acinar 
spaces are not seen but typical microvilli are sometimes encountered at 
the surface of groups of cells (Fig. 154). These microvilli are simple 
cytoplasmic extensions wi!fa rounded tips, covered by the cell membrane 
and containing a fine filamentous core, but with no obvious fuzzy coat. 
Perhaps the most distinctive remaining feature or these epithelial 
tumours is the occurrence of typical desmosomes which connect the 
adjacent neoplastic cells (Fig. 157)* However, these desmosomes are 
less prominent and less frequent and orderly in their arrangement than 
those of well differentiated tumours.
The pale cytoplasm of the neoplastic ce!PQ contains moderate 
numbers of vacuolated mitochondria, scattered cisternae of granular 
endoplasmic reticulum, numerous ribosomes, membrane-limited dense 
bodies and an occasional very small Golgi zone. There are no 
secretory granules of mucous neck cell pattern. The nuclei are pale, 
large and irregular. Their prominent nucleoli are frequently 
peripherally locatedo
Occasional dark cells, with numerous vacuolated mitochondria, 
are seen between the pale cells. Their cytoplasm also contains 
numerous ribosomes and scattered cisternae of endoplasmic reticulum.
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They rest on a continuous b a s a l  lamina and may have V e s t ig i a l  short 
m ic r o v illi  (P ig . 15&)» Their n u clei are dark and irregu lar .
c) S ignet ring c e l l  m etastatic  g a str ic  carcinoma The h isto lo g y  o f  
a ty p ica l case of s ig n et ring c e l l  m etastatic g a s tr ic  carcinoma i s  
shown in Figure 159*
In low m agnification e lectron  micrographs the c e l l s  are dark, 
irreg u la r , and surrounded by e lec tro n -lu cen t m aterial id en tica l to  
that of th e ir  secretio n  granules (F ig . 16 1)• The s ign et ring c e l l s
si’h frequently found in  lymphatic v e sse ls  (F ig . 160).
The irregu lar surface of the c e l l  i s  covered by numerous 
f in g e r - lik e  cytoplasmic p rojection s, extending in to  wide in te r c e llu la r  
spaces. There are desmosomes connecting adjacent’n eop lastic  c e l l s .
The d is tr ib u tio n  of these desmosomes i s  quite irreg u la r . They are 
rarely  seen between those n eop lastic  c e l l s  which are seen to l i e  
w ithin a lymphatic v e s s e l .
The sign et ring c e l l s  frequently  r e s t  on dense f ib r i l  Tar lamina 
densa (F ig . 162), but are not arranged in  an acinar pattern .
The dense cytoplasm contains numerous mitochondria and ribosomes, 
a w ell developed Golgi apparatus and moderate numbers o f c istern ae o f  
granular endoplasmic reticulum . There are a lso  numerous secretion  
granules. They measure up to in  diameter, and in  many
instances appear not to  be lim ited  by a membrane, perhaps p artly  as a 
r e s u lt  o f plane o f sec tio n  e f f e c t .  They are e lec tro n -lu cen t or pale  
in  appearance, and may be scattered  throughout the cytoplasm. More 
ty p ic a lly , they are aggregated in  one area, pushing the nucleus to the 
s id e .
There are certa in  cytoplasmic in clu sion s seen only in  s ign et ring  
c e l l s  and not in  other g a s tr ic  neoplasms. Thase include intracytoplasm ic  
" a c in u s-lik e5' structures and tubulovesicu lar in c lu sio n s.
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Intracytoplasm ic desmosomes are frequently  seen (F ig . 16 3 ) .
They co n sist o f two dark p la tes  with a cen tral lam ination. These 
intracytoplasm ic desmosomes may d isp lay  "tennis racket" p r o file s  
due to th e ir  connection with a rounded expansion o f 60 to 80 rua. 
in  diam eter. These expansions c o n s ist  o f cytoplasmic v e s ic le s  
lim ited  by a trilam inar membrane (F^g. 164 )•
The intracytoplasm ic "acinus-like" stru ctu re, which may be 
s in g le  or m ultip le, i s  a saccular in c lu sio n  e n tir e ly  surrounded by 
cytoplasm and lin ed  by short irregu lar  m ic r o v illi (F ig s. 1 6 5 , 166).
The m ic r o v illi (F ig , 167) have a m icro fib r illa r  core which extends 
in to  the cytoplasm of the tumour c e l l .  These in c lu sio n s, in  other 
words, are in tr a c e llu la r  m icrocysts. They are lin ed  by a trilam inar  
membrane and are not connected to the c e l l  surface.
The tubulovesicu lar in clu sion s (F ig . 16 8 ) are apparently empty 
spaces of about 60 to  350 nm. in  diameter, often  with a concentric  
cen tra l in clu sion  o f  m aterial resembling the surrounding cytoplasm ic 
m atrix. In seme instan ces th is  appearance of a concentric in c lu sio n  
can be seen to have arisen  through a process of invagination  o f a 
cytoplasm ic process in to  the otherwise empty v e s ic le .  The membrane 
lim itin g  these structures i s  sim ilar  to  that o f the c e l l  surface.
These tubulovesicu lar structures are to some degree rem iniscent o f  
s im ila r  featu res seen in  normal g a s tr ic  p a r ie ta l c e l l s  (F ig . 4 8 )• 
Signet ring c e l l  n u cle i are large , dark and irreg u la r . They 
are frequently seen to be compressed by surrounding mucous secretio n  
granules, which may a lso  appear w ithin the nuclear m aterial. 
Intranuclear in clu sion s of various types are sometimes seen. These 
may contain tubular structures o f about 20 to 45 hm. in  diameter 
(F ig . 169), resembling the lam ellae of Golgi system. Also frequently  
seen in  the n u cle i o f sign et ring c e l l s ,  are small dark in clu sion s
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( F ig .  170) o f  about 40 to  60 run* in  d iam eter  surrounded by a p a le  
h a lo .  They are  d isp e r se d  in d iv id u a l ly  in  the n u c le u s  or may form  
a g g r e g a te s .
d) M etastatic g a str ic  lymphoma In the one case examined, the pale  
irregu lar  c e l l s  are c lo se ly  packed without d is t in c t  in te r c e llu la r  
spaces (F ig . 158)* The n eop lastic  c e l l s  do not r es t on a basal 
lamina and are not connected by the e p ith e l ia l  adhesion s p e c ia lisa t io n s  
o f poorly d iffe re n tia te d  m etastatic  g a s tr ic  carcinoma as described  
above. The m ic r o v illi  seen in  the ty p ica l carcinoma are a lso  absent. 
The pale cytoolasm of lymphoma c e l l s  contains few mitochondr ia , numerous 
free  ribosomes, a small Golgi zone and very few sca t tered uxstem ae o f  
endoplasmic reticulum . The appearances are id e n tic a l in  a l l  important 
resp ects with the primary tumour described above. Occasional dark 
c e l l s ,  having vacuolated cytoplasm and shrunken dark n u c le i, are seen . 










V illou s papillomas of colon have already been the subject of 
su b sta n tia l numbers of h istochem ical (Szernoblisky and Tsou, 1968;
Lipkin, 1971; Makal, Korhonen and L iliu s , 1971) and fin e  stru ctu ra l 
stu d ies  (F isher and Sharkey, 1962; Imai, Saito  and S te in , 1965;
Spjut and Smith, 1967; Ioachim, Delaney and Madrazo,■1974)• This 
i s  no doubt due to th e ir  frequency of occurrence, th e ir  malignant 
p o ten tia l (E n terlin e, Evans, Mercado-Lugo, M iller  and F i t t s ,  1962;
Morson, 1968) and th e ir  in ter e st in g  a sso c ia tio n  with severe  
e le c tr o ly te  and f lu id  lo s s  (D avies, Seavey and S ession s, 1961;
W ells, Moron and Cooper, 1962 ) .
Colonic carcinoma has a lso  been in ten siv e ly  in vestiga ted  
(Birbeck and Dukes, 1963; Imai and S te in , 1963; Spjut and Smith,
1967; Cardoso, Diener, Alvorez, E lizabeth and Maldonado, 1971;
Jenkinson and Dawson, 1971)• These previous f in e  stru ctu ral stu d ies  
have been confined to  the w ell d iffe re n tia te d  types o f co lon ic carcinoma 
leav in g  the more poorly d if fe re n t ia te d  v a r ie t ie s  t^ be examined in  d e ta i l .  
The present in v estig a tio n  se t  out to complete th is  works to  make d irec t  
u ltra stru ctu ra l comparisons between v illo u s  papilloma and colon ic  
carcinoma; to  compare the featu res of co lon ic  carcinoma in  i t s  primary 
and i t s  m etastatic  s i t e s ;  and f in a l ly  to  explore cer ta in  ultracytochem ical 
p rop erties of co lon ic  tumours.
OBSERVATIONS
1• V il lo u s  P ap il lom a
The ten v illo u s  papillomas examined here were located  in  rectum 
and sigmoid colon . They had the ty p ica l h is to lo g ic a l features of 
f in g e r - lik e  p rojection s co n sistin g  o f a fib ro -vascu lar  core covered by 
crowded t a l l  columnar c e l l s  (F ig s . 171» 17^)*
The t a l l  slender columnar c e l l s  of v illo u s  papilloma (F ig s. 173,
174) r e s t  on a f ib r i l la r  dense lamina densa 30 to 50 mm. in  th ickness  
which separates the base of the c e l l s  from the underlying stroma.
The m ic r o v illi which cover the luminal surface are in  general shorter, 
fewer and le s s  regular then those o f normal co lon ic c e l l s .  O ccasionally , 
the m ic r o v illi  may be e ith er  more p le n t ifu l or almost e n tir e ly  absent.
At the free  surface, between the m ic r o v illi o f the c e l l s  of v il lo u s  
papilloma, there are numerous small round v e s ic le s ,  s im ilar  to those
seen in  the same s itu a t io n  in  normal colonic c e l l s .  In conventional
e lectron  micrographs, the c e l l s  o f v illo u s  papilloma appear to lack the 
w ell marked g lycocalyx or fuz^y coat o f the normal colon ic mucosal 
c e l l s .  In th in  sec tio n s  stained  with the period ic acid  
thiocarbohydrazide s i lv e r  proteinate procedure to demonstrate c e l l  
_coat mucopoly-saccharides, an e lectron  dense reaction  product i s  seen  
a t the surface of the ap ica l c e l l  membrane (F igs. 177> 1?8) but not at  
the la te r a l or basal su rfaces.
The c e l l s  have moderate numbers of ribosomes, ly in g  free  in  the 
cytoplasm or attached to the scattered  c istern ae of the endoplasmic 
reticulum  (F ig . 175) • There i s  a w ell developed supranuclear Golgi 
apparatus. The mitochondria are numerous, measuring up to  1.5p/m. in .
diam eter. They have s h e lf - l ik e  c r is ta e  with a prominent
intram itochondrial matrix (F ig . 176). They are dispersed throughout 
the cytoplasm, but basa l aggregates of mitochondria are a lso  seen .
In the ap ica l and supranuclear cytoplasm, apparently empty membrane- 
lim ited  v e s ic le s  of about 20 to 30 nm. in  diameter are present. In 
th in  sec tio n s stained  with the s i lv e r  proteinate procedure, a th in  
layer  of e lectron  dense reaction  product i s  seen ju st  in s id e  the 
lim itin g  membrane, while the r es t  of the content of the v e s ic le  remains
57
unstained (F ig s. 177» 178)• Apical concentrations of mucous granules 
are frequently  seen, and may project above the luminal surface o f the 
adjacent c e l l s .
The n u cle i are s l ig h t ly  irreg u la r , cen tra lly  located  and larger  
than those o f normal c e l l s .  They are round or oval in  shape and may 
d isp lay  shallow or deep ind en tation s, with prominent compact n u c leo li  
(F ig . 179)• Nuclear bodies, about 60 to 80 nm. in  diameter are 
encountered (Chapter 7)«
The in te r c e llu la r  spaces are of normal dimensions, and tho la te r a l  
surfaces o f the c e l l s  are irregu lar and frequently in te r d ig ita te . In 
th is  respect they resemble the c e l l s  o f the lower one th ird  of the 
co lo n ic  crypr. The c e l l s  are connected by conventional ju nctional 
complexes with occasional exaggeration of the desmosomal component.
At the basal parts of the c e l l s  o f v illo u s  papilloma there are 
sometimes round or oval in tr a c e llu la r  in c lu sion s which measure up to
length (F ig . 180). They have a peripheral rim of e lec tro n  
dense m aterial and are lim ited  by s in g le  membrane. The m aterial o f  
the in c lu sion s c o n s is ts  o f f in e  f ib r i l la r  and granular components.
A d is t in c t iv e  featu re of v il lo u s  papilloms i s  tne occurrence o f  
aggregates of c e l l s  with dark basal cytoplasm, almost e n tir e ly  packed
w ith round or oval mitochondria (F ig s . 131, 182, 163)• There are
a lso  numerous apparently empty in tr a c e llu la r  vacuoles, measuring up
to  900 nm. in  diam eter. These vacuoles are scattered  between the
mitochondria. The dark c e l l s  form extensive la te r a l  in te r d ig ita t io n s  
with adjacent -c e l ls .  These complex in te r d ig ita t io n s  are produced by 
the in terlock in g  of matching projection s and invaginations of cytoplasm. 
The density  o f the dark c e l l s  i s  a ttr ib u tab le  p artly  to the increased  
numbers of mitochondria which seem to  compress the cytoplasmic m atrix. 
Their dark irregu lar n u cle i are cen tra lly  loca ted . In other resp ec ts ,
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such as the appearance o f the c e l l  apex, the dark c e l l s  are not 
d iss im ila r  to the p r in c ip a l c e l l s  of v illo u s  papilloma as described  
above.
Mature gob let and absorptive c e l l s  are only very rarely  
encountered. Paneth or endocrine c e l l s  were not seen.
2. Well D ifferen tia ted  Colonic Carcinoma
A 1.1 cases of primary w ell d iffe re n tia te d  carcinoma of large  
in te s t in e  examined in  th is  s e r ie s  showed a w ell formed glandular 
pattern (P ig . 184).
The neop lastic  c e l l s ,  arranged in  acinar pattern s, are columnar 
and sometimes heap on each other with p seu d o stra tifica tio n  (F ig . 189). 
As in  v illo u s  papilloma, the m ic r o v illi of cancer c e l l s  are irregu lar  
and fewer (F ig . 186) than those o f normal co lon ic  c e l l s ,  but they are 
sim ilar  in  f in e  stru ctu re. The long filam entous core extends from 
the t ip  to the a p ica l cytoplasm. As in  normal co lon ic  mucosa and 
v il lo u s  papilloma, there are small round v e s ic le s ,  up to  nm. in  
diam eter, ly in g  between the m ic r o v illi o f cancer c e l l s  (F ig . 187). 
They form rows, p a r a lle l and c lo se  beside the m ic r o v ill i .  The fin o  
f ib r i l la r  fuzzy coat i s  le s s  prominent than that of normal co lon ic  
c e l l s  but i s  sim ilar  to th at o f v il lo u s  papillom a. In the lumen of 
a c in i ,  d is ta l  to  the m ic r o v illi , e lectron  dense m aterial with various 
irregu lar  vacuoles and in c lu sion s may be seen (F ig . 186). This 
m aterial most probably represents a mixture o f secretory  product and 
c e l l  deb ris.
The la te r a l surfaces o f cancer c e l l s  appear to have fewer 
in te r d ig ita t io n s  (F ig . 188) than are seen in  v il lo u s  papilloma and 
normal co lon ic  mucosa. The adjacent la te r a l surfaces of the c e l l s  
are connected by ju nctional complexes and desmosomes, more or le s s  
s im ila r  to  those o f normal co lon ic  mucosa.
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The basement membrane i s  a continuous f ib r i l la r  dense in ter fa ce  
which separates cancer c e l l s  from the underlying stroma (F ig . 189). 
O ccasionally, the con tin u ity  o f the basement membrane i s  breached by 
cytoplasmic projections from cancer c e l l s  (F ig . 191).
Cancer c e l l s  in  general have le s s  organised cytoplasm ic organelles  
than those o f v il lo u s  papilloma and normal co lon ic  mucosa (F ig . 190).
The variab le numbers o f small oval or round mitochondria are dispersed  
throughout the cytoplasm and have no p a rticu la r ly  d is t in c t iv e  fea tu res . 
The moderate numbers o f ribosomes l i e  free  in  the cyto ploiCui our cinro 
attached to the sparse c istern ae  of granular endoplasmic reticulum .
The small Golgi apparatus c o n s ists  of the usual lam ellae and v e s ic le s  
(F ig . 188). There are moderate numbers of small homogenous or 
pleomorphic membrane-limited dense in c lu sion s (F ig s . 188, 199)• 
Apparently empty membrane-limited v e s ic le s  are present in  the ap ica l 
cytoplasm (F ig . 194)-
There are two d is t in c t iv e  cytoplasmic in c lu sio n s in  cancer c e l l s  
which have no counterparts in  v il lo u s  papilloma. These are rounded 
doughnut-like in c lu sion s and a curious hexagonal network of tubular 
stru ctu res . The rounded in c lu sion s (F ig s. 19">, 194) are present in  
the ap ica l cytoplasm o f cancer c e l l s  and are composed of dense cen tra l 
m aterial surrounded by le s s  dense zone and lim ited  by a membrane.
The network of tubules showing hexagonal stacking appears to be in  
con tin u ity  with the c istern ae  o f granular endoplasmic reticulum , with 
sim ila r  contents but a smooth su rface. Each tubule of the network 
has a diameter of about 40 to  This seems to represent a
sp e c ia lisa t io n  of the endoplasmic reticulum  (F ig s . 195» 196).
The n u cle i o f cancer c e l l s  are larger and more irregu lar than those  
of v illo u s  papilloma and normal co lon ic  mucosa, and are sometimes 
segmented (F ig . 190), with deep invaginations of the nuclear envelope
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which may form channels of cytoplasm leading to prominent n u c leo li  
(F ig s . 197, 198/- The n u c leo li them selves are compact and 
peripherally  loca ted . They sometimes adopt b izarre shapes, such 
as a cribriform  configuration  with f ib r i l la r  m aterial w ithin the 
h oles (F ig . 192).
Nuclear bod ies, which are rarely  found in  normal colon ic c e l l s ,  
are frequently encountered in  co lon ic  carcinoma and in  v illo u s  
papillom a. They are described in  d e ta il  in  Chapter 7 along with 
other cytoplasmic and nuclear in c lu sio n s found in  tumour c e l l s ,  
including m icro fib r illa r  and la t t i c e  structures and paired p r o f i le s .
Apart from tne nuclear body, such in clu sion s are not found in  normal 
co lon ic  mucosa or in  v illo u s  papilloma, and th e ir  occurrence in  human 
t is s u e  i s  a rare phenomenon.
3. Poorly D ifferen tia ted  Colonic Carcinoma
The h isto lo g y  o f a ty p ica l case of poorly d iffe re n tia te d  co lon ic  
carcinoma i s  shown in  Figure 201A.
The c e l l s  o f poorly d if fe  c n is n. 3> ed colonic carcinoma are o f w idely  
varying s iz e , and are c lo se ly  packed (F ig . 200). Two populations are 
encountered, those with dark and those with pale cytoplasm. The 
predominant pale c e l l s  have scanty organ elles, co n sist in g  of a few 
small mitochondria, a small Golgi apparatus, moderate numbers o f  
ribosomes and occasional c istern ae o f endoplasmic reticulum . Their 
n u cle i are a lso  pale and contain more euchromatin than heterochromatin. 
The n u cle i sometimes appear to be segmented, with connecting nuclear  
bands.
The few dark c e l l s  are interposed between l ig h t  c e l l s .  The d en sity  
of th e ir  cytoplasmic matrix i s  a ttr ib u ta b le  to th e ir  more p le n t ifu l  
organ elles, including numerous mitochondria and ribosomes. They have 
dark n u c le i.
Groups o f c e l l s  are seen to r e s t  on a continuous basement membrane
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(F ig . 202), forming a central luminal space (F ig . 201). In such 
a case, the luminal surface hears only occasional short m ic r o v illi  
with no obvious fuzzy coat. In the ap ica l cytoplasm there are some 
apparently empty membrane-limited v e s ic le s .
In a l l  cases of poorly d iffe re n tia te d  carcinoma o f colon, 
desmosomes are seen to  connect cancer c e l l s .  These adhesion 
sp e c ia lisa t io n s  are fewer than in  cases of w ell d iffe re n tia te d  
carcinoma.
4o M etastatic Colonic Carcinoma
A ll speciments examined con sisted  of w ell d iffe re n tia te d  
adenocarcinomatous d ep osits  in  m esenteric lymph nodes taken from 
cases o f known primary colon ic carcinoma (F ig . 185)•
The c e l l s  are o f low columnar pattern , arranged around wide 
lumina (F ig . 203). Their luminal surface bears shorter, broader 
and more irregu lar m ic r o v illi (F ig . 204) than those of primary 
co lon ic  carcinoma, although they are sim ilar  in  frequency. The 
microfilamentous core o f the m icrovillu s i s  le s s  prominent than in  
primary colonic carcinoma and does not extend to the ap ica l cytoplasm  
Numerous small round v e s ic le s  sim ilar  to those of normal co lon ic  
mucosa are present between the m ic r o v illi and in lumina o f the glands 
These v e s ic le s  measure up to 90 ***&• in  diameter and frequently  
aggregate (F ig . 204)* The inconspicuous f in e  f ib r i l la r  fuzzy coat 
i s  sim ilar  to that of primary co lon ic  carcinoma. E lectron dense 
m aterial i s  frequently  seen in  the lumina of the glands (F ig . 207)• 
This m aterial most probably represents a mixture o f secretory  product 
and c e l l  deb ris .
The c e l l s  are connected by ju n ction al complexes and desmosomes, 
and have la te r a l in te r d ig ita iio n s  sim ilar to these of primary co lon ic  
carcinoma. The n eop lastic  c e l l s  r e s t  on a continuous basement 
membrane (F ig . 205) which separates them from the underlying stroma.
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The cytoplasmic matrix i s  o f moderate d en sity . In the ap ica l 
cytoplasm, there are apparently empty membrane-limited v e s ic le s  up 
to  250  run. in  diameter which occasion a lly  contain small dense 
in c lu s io n s . The oval or elongated mitochondria are dispersed  
throughout the cytoplasm or at times aggregated at the ap ica l 
(P ig . 204) or basal regions (F ig . 205). A small supranuclear 
Golgi apparatus, numerous ribosomes, scattered  c istern ae  o f granular 
endoplasmic reticulum  and moderate numbers o f dense and pleomorphic 
membrane-limited structures are the other princip al organ elles.
The n u c le i  are  la r g e  ir r e g u la r  and b a s a l ly  p la c e d . They 
c o n ta in  prom inent n u c le o l i  which are  som etim es lo c a te d  c lo s e  to  
d e e p ly  in v a g in a tin g  channels o f  cytop lasm  (P ig .  206) s im ila r  to  th o se  
seen  in  prim ary c o lo n ic  carcinom a.
CHAPTER SEVEN
NUCLEAR AND CYTOPLASMIC INCLUSIONS
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INTRODUCTION
P rev io u s  e le c tr o n  m ic ro sco p ic  s tu d ie s  o f  th e  human a lim en tary  
c a n a l in  h e a lth  and d is e a s e  have d w elt m ainly on th e  co n v e n tio n a l  
o r g a n e l le s .  In p a r t ic u la r ,  no m ention h as been made o f  n u c le a r  and 
c y to p la sm ic  in c lu s io n s  such a s  have been d e sc r ib e d  in  v a r io u s  o th e r  
s i t u a t io n s ,  both  normal and p a th o lo g ic a l  ( P a t r iz i  and Middlekamp.
1969; R obertson 1964; A r i s t i l a  and Hopsu-Haru, 1967; B o u t e i l l e ,
K a li fa t  and D elaru e , 1967; B u ttn er  and Horstmann, 1967; Masurousky,
B e n itz  and Murray, 1970; S t r a i l e ,  T ip n is , Mann and C lark , 1975 ).
During th e  p r e sen t stu dy  o f  normal and n e o p la s t ic  c e l l s  o f  th e  
a lim en ta ry  c a n a l, a w ide range o f  in c lu s io n s  was en cou n tered , 
some co n fin e d  t o  th e  n u c le u s , o th e r s  found a ls o  in  th e  cytoplasm *
The d i s t r ib u t io n  and d iv e r s i t y  o f  th e s e  s tr u c tu r e s  has been  
ca ta lo g u ed  and t h e ir  p o s s ib le  s ig n if ic a n c e  i s  d is c u s s e d .
OBSERVATIONS
1. N u clear B od ies
These a r e  round or  o v a l in tr a n u c le a r  in c lu s io n s  which a re  not 
sep ara ted  from th e  surrounding chrom atin by any l im it in g  membrane.
They measure up t o  600 nm in  d ia m e te r , when found in  normal t i s s u e s  
( F ig s .  218, 219, 2 2 0 ) . They u s u a l ly  occur s in g ly ,  and ap p aren tly  
b ear  no c o n s is t e n t  r e la t io n s h ip  to  th e  n u c le o lu s .  In  o c c a s io n a l  
s e c t io n s  two n u c le a r  b o d ie s  may occur in  a s in g le  n u c le u s . The 
in v o lv e d  n u c le i  are  o f  normal appearance in  o th e r  r e s p e c t s ,  w ith  no 
unu sual i r r e g u la r i t y  or in v a g in a t io n . I n c lu s io n s  such a s  th e s e  a r e  
seen  in  b oth  e p i t h e l i a l  c e l l s  and o th e r s ,  in c lu d in g  f ib r o b la s t s ,-  
smooth m uscle c e l l s ,  lym phocytes and plasm a c e l l s .
N u clear  b o d ie s  are  p a r t ic u la r ly  abundant in  th e  n u c le i  o f  can cer  
c e i l s ,  where th e y  may bear a r e la t io n s h ip  t o  th e  n u c le o lu s  ( F ig s .  2 2 1 ,2 2 2 ) .
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As in  normal c e l l s ,  th e y  a re  round or o v a l., w ith  a v a r ia b le  
c e n tr a l  c o r e  and a m ic r o f ib r i l l a r  c o r te x . They measure from 400 
t o  1800 nm in  d ia m eter . In  most in s ta n c e s  th e y  are sep a ra ted  from  
th e  surrounding chrom atin  by a c le a r  h a lo .  A s in g le  n u c le u s  may 
c o n ta in  more than one such in c lu s io n :  when m u lt ip le ,  th ey  may
l i e  i n  c lo s e  p ro x im ity  t o  one another ( F ig s .  221. 223, 2 2 4 ) . In  
p u r e ly  d e s c r ip t iv e  term s, i t  i s  p o s s ib le  to  su b d iv id e  t h e s e  in c lu s io n s  
in t o  th r e e  groups which may correspond  t o  some e x te n t  w ith  c l a s s i f i c a t i o n s  
proposed  by o th e r  a u th o rs ( B o u t e i l l e  e t  a l  1967; P o p o ff and S tew a rt,
1 9 6 8 ) . The f i r s t  group c o n s i s t s  o f  sim p le  a g g r e g a te s  o f  m ic r o f ib r i l la r  
m a te r ia l ( F ig s .  2 2 7 ,2 2 8 ) . The second group d is p la y s  a v a c u o la te d  
c e n tr a l  co re  w ith  a surrounding m ic r o f ib r i l la r  c o r te x  ( F ig s .  2 2 9 ,2 3 0 ) .
The t h ir d  group shows a d ense homogeneous or  g ra n u la r  c o r e , co n ta in ed  
ag a in  w ith in  a m ic r o f ib r i l la r  c o r te x  ( F ig s .  225 2 2 6 ) .
A more e la b o r a te  c l a s s i f i c a t i o n  o f  t h e s e  s tr u c tu r e s  h as n ot been  
attem pted  f o r  th e  fo llo w in g  r e a so n . On exam ination  o f  d i f f e r e n t  
p la n e s  o f  s e c t io n ,  a s  shown by s e m i- s e r ia l  s e c t io n in g ,  i t  appears th a t  
th e  c e n tr a l  c o r e  o f  a s in g le  n u c le a r  body may show q u ite  d i f f e r e n t  
m orp h o log ica l f e a tu r e s  a t  d i f f e r e n t  l e v e l s  ( F ig s .  231, 232, 2 3 3 ).
Sequences o f  m icrographs may be tak en  from a s in g le  n u c le a r  body to  
dem onstrate  a l l  o f  th e  appearances d e sc r ib e d  above ( F ig s .  234, 235,
2 3 6 ) . T a n g en tia l s e c t io n in g  o f  th e  o u te r  m ic r o f ib r i l la r  c o r te x  would  
g iv e  th e  im p ress io n  o f  th e  s im p le s t  form o f  in c lu s io n ,  d e sc r ib e d  above 
a s  th e  f i r s t  group., w h ile  d i f f e r e n t  p la n e s  o f  s e c t io n  through th e  co re  
co u ld  account fo r  th e  o th e r  v a r ia n t s .  W hile t h i s  o b se r v a tio n  cannot 
b e tak en  t o  ex c lu d e  t h e  p o s s ib le  e x is t e n c e  o f  a v a r ie t y  o f  ty p e s  o f  
n u c le a r  body, i t  must t o  some e x te n t  c a l l  in to  q u e s t io n  th e  v a l i d i t y  
o f  th e  more e la b o r a te  form s o f  c l a s s i f i c a t i o n .
2 . P a ired  p r o f i l e s ,  F i b r i l l a r  and L a t t ic e  in c lu s io n s
The in c lu s io n s  d e sc r ib e d  under t h i s  heading have been  encou n tered
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in  prim ary ana secondary r e c t a l  carcinom a, but not in  normal 
r e c t a l  mucosa nor in  th e  o th e r  tumours o f  th e  a lim en ta ry  t r a c t  
in c lu d ed  in  t h i s  s tu d y . T h eir  d is t r ib u t io n  was found t o  be  
ir r e g u la r  and th ey  w ere o n ly  i d e n t i f i a b l e  a t  r e la t iv e l y  h igh  
m icro sco p ic  m a g n if ic a t io n s . In  any g iv e n  tumour, th e s e  in c lu s io n s  
ten ded  t o  occur more fr e q u e n tly  in  some a r e a s  than in  o t h e r s .  The 
p a ir ed  p r o f i l e s , found in  both  n u c le u s  and cy top lasm , c o n s is t  o f  
s tr a ig h t  or  s l i g h t l y  curved  p a r a l l e l  a g g r e g a te s  o f  r a th e r  i l l - d e f i n e d  
l in e a r  p a ir s ,  o f te n  su g g e s tin g  th e  p a r a l l e l  w a l l s  o f  lo n g it u d in a l ly  
s e c t io n e d  m icro tu b u les  ( F iy s .  237 , 238, 2 3 9 ) . The se p a r a tio n  o f  
each p a ir  i s  around 10 -  15 nm, th e  o v e r a l l  d im ensions o f  th e  
a g g reg a te  b ein g  up to  750 nm in  len g th  and 150 nm in  b rea d th .
A ga in st a tu b u la r  id e n t i t y  i s  th e  apparent absen ce o f  any c ir c u la r  
p r o f i l e s ,  which m ight correspond  t o  tr a n s v e r s e ly  s e c t io n e d  e le m en ts . 
I n s te a d , how ever, in te r m it t e n t  l in e a r  grouping o f  dense sp o ts  4 t o  
7 nm in  d ia m eter , m ight r e p r e se n t  t r a n s v e r s e ly  s e c t io n e d  f i b r i l s  
a lte r n a t in g  w ith  th o s e  com ponents seen  in  lo n g itu d in a l  s e c t io n .  The 
ob long or o v a l f i b r i l l a r  in c lu s io n s  are  a l s o  found in  both  n u c leu s  
and cy to p la sm , a lth ou gh  a g a in  w ith o u t e v id en ce  o f  c o n t in u it y .  In  th e  
n u c le u s  ( F ig s .  240, 241) th e y  occupy an area  ap p a ren tly  f r e e  o f  chrom atin  
g r a n u le s , w ith o u t any c o n s is t e n t  a s s o c ia t io n  w ith  th e  n u c le o lu s .  
In tr a c y to p la sm ic  a g g r e g a te s  ( F ig .  242) are o f te n  more o r d e r ly  in  t h e ir  
arrangem ent. Such a g g r e g a te s  are  q u ite  common in  m it o t ic  f ig u r e s  
( F ig .  2 4 3 ) . They c o n s is t  o f  rou gh ly  p a r a l l e l l ,  s t r a ig h t  or  s l i g h t l y  
u n d u la tin g  m ic r o f ib r i l s ,  each  u n it  m easure 3 t o  6 nm in  d iam eter . The 
oblong or  o v a l l a t t i c e  s tr u c tu r e s  are  o n ly  seen  in  n u c le i  ( F ig s .  244, 2 4 5 ) .  
They c o n s is t  o f  p a r a c r y s t a l l in e  m a te r ia l showing p a r a l l e l  p e r io d ic i t y  
i n  two d ir e c t io n s .
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3 , In tr a n u c le a r  C o iled  I n c lu s io n s
T hese round or o v a l s tr u c tu r e s  ( F ig s .  246, 247) were encountered  
in  a l l  c a s e s  o f  g a s t r i c  carcinom a s tu d ie d , but in  no o th e r  a lim en ta ry  
t r a c t  tumour in  t h i s  s e r i e s .  They bear no c o n s is t e n t  r e la t io n s h ip  to  
any p a r t ic u la r  p a r t o f  th e  n u c le u s . They c o n s is t  o f  numerous 
dense c o i l e d  th r e a d s , each  m easuring 20 t o  30 nm in  d ia m eter . An 
appearance o f  beading i s  su g g ested  when th e  th r ea d s  l i e  v e r t i c a l  
t o  th e  p la n e  o f  s e c t io n
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C H A P T E R  EIGHT
U LTRA C YTO CH EM ISTRY
69
INTRODUCTION
The p r e s e n t  study s e t  out w ith  the l im ite d  o b jec t ive  of  
ex p lo r in g  the a p p lica t io n  of two u lt r a c y to c h e m ic a l  p r o c e d u r e s ,  in  
both n o r m a l  and n e o p la s t ic  t i s s u e s .  The p e r io d ic  a c id  th io ca rb o h y d ra z id e  
s i l v e r  p r o te in a te  p r o c e d u r e  w a s  u se d  to  d e m o n str a te  c a rb o h y d ra tes ,  
w h ile  a m o d if ie d  G o m o r i 's  m ethod  w as u s e d  to d e m o n str a te  a c id  
p h o sp h a ta se  a c t iv i ty .  The r e a c t io n  p rod u ct  o f  both p r o c e d u r e s  w as  
su b jec ted  to X - r a y  m ic r o a n a ly s i s  to c o n f ir m  it s  id en tity .
OBSERVATIONS
1. P e r io d ic  a c id  th io ca rb o h y d ra z id e  s i l v e r  p r o te in a te .
The r e a c t io n  prod u ct  took  the fo r m  of a gran u lar  e l e c t r o n  d en se  
d e p o s it .  A ll  co n tro l  s e c t io n s  ex a m in ed  sh ow ed  a c o m p le te  a b s e n c e  of
t
r e a c t io n  p rod u ct .
a .  N o r m a l Squam ous E p ith e liu m  of O e so p h a g u s .  The f in e ly  gran u lar  
r e a c t io n  p rod u ct  i s  lo c a te d  in  the in t e r c e l lu la r  s p a c e s  and on the ou ter  
le a f l e t  of the c e l l  m e m b r a n e  in  the s u p e r f ic ia l  p a r t  of the m u c o s a  
( F i g s .  13, 14). No d e p o s it  i s  s e e n  on the d e s m o s o m e s .  In side  the  
c e l l s ,  the r e a c t io n  p rod u ct  i s  s e e n  on ly  in  the m e m b r a n e -c o a t in g  
g r a n u le s  (F ig .  13) and the c y to p la s m ic  v a c u o le s  of the s u p e r f ic ia l  
l a y e r s  ( F i g s .  15, 16).
b . N o r m a l  G a s tr ic  M u c o s a . A  fine  gra n u la r  s i l v e r  d e p o s it  i s  found in  
the lu m en , on the fu z z y  coa t  and in  the s e c r e t io n  g r a n u le s  of m u co u s  
c e l l s  ( F i g s .  51, 52). A  d e p o s i t - f r e e  zon e e x i s t s  b e tw e e n  the a p ica l  
s u r fa c e  o f  g a s t r ic  m u co u s  c e l l s  and the r e a c t io n  p rodu ct in  the lu m en .  
U nsta in ed  a r e a s  a re  a l s o  s e e n  in  so m e  m u co u s  g r a n u le s .
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, c .  N o rm a l C olonic M u c o s a . A  fine gra n u la r  d en se  r e a c t io n  prod u ct  
i s  s e e n  on the fu zzy  co a t ,  a p ic a l  c e l l  m e m b r a n e  and m e m b r a n e - l im i t e d  
v e s i c l e s  of c o lo n ic  c e l l s  (F ig .  209).
d. Squam ous C e ll  C a rc in o m a  of O eso p h a g u s .  The r e a c t io n  prod u ct  
i s  con fined  to the m e m b r a n e -c o a t in g  g r a n u le s  (F ig .  72). No r e a c t io n  
p rod u ct  i s  s e e n  in  the in t e r c e l lu la r  s p a c e s  or on the c e l l  m e m b r a n e ,  
in  c o n tr a s t  w ith  the n o r m a l  o e s o p h a g e a l  sq uam ou s ep ith e l iu m .
e .  G a s tr ic  C a r c in o m a . A  fine gran u lar  d e p o s it  i s  s e e n  on the fu zzy  
co a t ,  in  the gland lu m en  and in  the m u co u s  s e c r e t io n  g r a n u le s  of the 
g a s t r ic  c e l l  type of a d e n o c a r c in o m a  ( F i g s .  123, 124). U n sta in ed  a r e a s  
s im i l a r  to  th o se  s e e n  in  g a s t r ic  m u c o u s  c e l l s  w e r e  found in  the m u co u s  
g r a n u le s  of the tu m o u r s .  A  s tr ik in g  fine  gran u lar  d e p o s it  i s  s e e n  on 
the fu zzy  coat,  the a p ic a l  c e l l  m e m b r a n e  and the m e m b r a n e - l im i t e d  
v e s i c l e s  in  the a p ica l  and su p r a n u c lea r  p a r ts  of the c e l l s  of the 
in te s t in a l  type of g a s t r ic  c a r c in o m a  ( F ig s ,  125, 126). The d is tr ib u t io n  
of the r e a c t io n  p rod u ct  i s  s i m i l a r  in  both  p r im a r y  and s e c o n d a r y  
c a r c in o m a  ( F ig s .  149, 150). The ap p a ren tly  em p ty  in tr a c y to p la s m ic  
v a c u o le s  s e e n  in  m e ta s ta t ic  g a s t r ic  c a r c in o m a  (F ig .  133) a l s o  sh ow ed  
a gra n u la r  s ta in  d e p o s it  (F ig .  151).
f .  C olon ic  N e o p la s m s . The r e a c t io n  p rodu ct i s  found on the a p ica l  
su r fa c e  o f  the c e l l s  o f  v i l lo u s  p a p il lo m a  ( F i g s .  177, 178). P o s i t i v e  
s ta in in g  i s  a l s o  found ju s t  in s id e  the l im it in g  m em b ra n e  o f the  
v e s i c l e s  w hich  a re  p r e s e n t  in  the a p ic a l  c y to p la s m .  In p r im a r y  
c o lo n ic  c a r c in o m a ,  a fine g ra n u la r  d e p o s it  i s  s e e n  on the fu z z y  coa t  
and the a p ic a l  c e l l  m e m b r a n e  (F ig .  210).  The a p p a ren t ly  e m p ty  
m e m b r a n e - l im it e d  v e s i c l e s  and the rounded doughnut-like  s tr u c tu r e s  
( F i g s .  193, 194) a l s o  sh ow ed  a p o s i t iv e  r e a c t io n  ( F ig s .  211 , 212 , 213).
A  h e a v y  d e p o s it  i s  found in the gland lu m en ,  fu z z y  coat  and m e m b r a n e - 
l im i t e d  v e s i c l e s  o f  m e ta s ta t ic  co lo n ic  c a r c in o m a  (F ig .  208 ) .
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2. A c id  p h o s p h a t a s e .
T h e  l e a d  p h o s p h a t e  d e p o s i t  a p p e a r s  a s  a  c o a r s e  g r a n u l a r  o r  
h o m o g e n e o u s  e l e c t r o n  d e n s e  m a t e r i a l  i n  a l l  s p e c i m e n s  of  n c r m a l  and  
n e o p l a s t i c  t i s s u e s  s t u d i e d .  No r e a c t i o n  p r o d u c t  i s  found in  c o n t r o l  
s e c t i o n s .
a .  N o r m a l  S q u a m o u s  E p i t h e l i u m  of O e s o p h a g u s .  L e a d  p h o s p h a t e  
d e p o s i t s  a p p e a r  a s  c o a r s e  g r a n u l a r  d e n s e  m a t e r i a l  in  the i n t e r c e l l u l a r  
s p a c e s  a n d  on the  c e l l  m e m b r a n e  ( F i g s .  17, 18). The  d e p o s i t  on the 
c e l l  s u r f a c e  is  found on s h o r t  and  d i s c r e t e  l e n g t h s  of the  cel l  m e m b r a n e .
No r e a c t i o n  nvnHnct  o c c u r s  in  the m e m b r a n e - c o a t i n g  g r a n u l e s  o r  a n y  
o t h e r  c y t o p l a s m i c  s t r u c t u r e .
b .  N o r m a l  G a s t r i c  M u c o s a . D e n s e  d e p o s i t s  a r e  s e e n  in  a l l  of the 
s m a l l  r o u n d  h o m o g e n e o u s  o r  p l e o m o r p h i c  m e m b r a n e - l i m i t e d  d e n s e  
b o d ie s  of g a s t r i c  m u c o u s ,  c h i e f  and  p a r i e t a l  c e l l s  ( F i g s .  56, 57, 58, 59).
T h e  m y e l i n  f i g u r e s  w h i c h  a r e  f r e q u e n t l y  s e e n  in  p a r i e t a l  c e l l s  ( F ig .  53^ 
s how  only  a p e r i p h e r a l  d e p o s i t  of r e a c t i o n  p r o d u c t  ( F i g s .  55. 59).
S i m i l a r l y ,  s o m e  a r e a s  in  the  p l e o m o r p h i c  b o d ie s  give a n e g a t iv e  
r e a c t i o n  ( F i g .  58).
c .  N o r m a l  C o lon ic  M u c o s a . In bo th  a b s o r p t i v e  an d  g o b le t  c e l l s ,  a c i d  
p h o s p h a t a s e  a c t i v i t y  i s  c o n f in e d  to  s m a l l  m e m b r a n e - l i m i t e d  d e n s e  b o d ie s  
( F i g s .  66, 67,  68). T h e  r e a c t i o n  p r o d u c t  a p p e a r s  a s  a  h o m o g e n e o u s  o r  
g r a n u l a r  d e p o s i t .
d.  S q u a m o u s  C el l  C a r c i n o m a  of O e s o p h a g u s .  As in  n o r m a l  s q u a m o u s  
e p i t h e l i u m  of o e s o p h a g u s ,  the r e a c t i o n  p r o d u c t  i s  s e e n  in  the  i n t e r c e l l u l a r  
s p a c e s  an d  on the c e l l  m e m b r a n e  of s q u a m o u s  c e l l  c a r c i n o m a  ( F i g s .  9 0 , 9 1 ) .  
I t  i s  a l s o  found  in the p l e o m o r p h i c  m e m b r a n e - l i m i t e d  d e n s e  b o d ie s
( F i g s .  92, 94) w h ic h  a r e  i n f r e q u e n t l y  s e e n  in  the  c y t o p l a s m  of t u m o u r  
c e l l s  ( F ig .  93). No a c i d  p h o s p h a t a s e  a c t i v i t y  i s  found m  - m e m b r a n e -  
c o a t in g  g r a n u l e s  o r  a n y  o t h e r  i n t r a c y t o p l a s m i c  o r g a n e l l e s .
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e .  G a s tr ic  C a r c in o m a . L ea d  ph osphate  d ep o s it  i s  found in  the s m a l l  
h o m o g e n e o u s  and la r g e  p le o m o e p h ic  m e m b r a n e - l im it e d  d e n s e  b o d ie s  
of g a s t r ic  c a r c in o m a  ( F ig s .  127, 128, 129).
f .  C olon ic  C a r c in o m a . The a c id  p h o sp h a ta se  a c t iv i ty  in  co lo n ic  
c a r c in o m a  i s  found in  the s m a l l  round h o m o g en eo u s  or  m u lt iv e s ic u la r  
b o d ie s  ( F ig s .  214, 215, 216) and in  the la r g e  p le o m o r p h ic  m e m b r a n e -  
l i m i t e d  d e n se  b o d ie s  (F ig .  217 ) .
3. X -R a y  M i c r o a n a ly s i s .
S e le c te d  s e c t io n s  fr o m  the s p e c im e n s  p r o c e s s e d  fo r  p e r io d ic  a c id  
th io ca rb o h y d ra z id e  s i l v e r  p ro te in a te  and a c id  p h o sp h a ta se  w e r e  su b jec ted  
to  X - r a y  m ic r o a n a l y s i s .  A n a ly s is  of the s e c t io n s  s ta in ed  w ith  the  
p e r io d ic  a c id  th io ca rb o h y d ra z id e  s i lv e r  p ro te in a te  has co n f ir m e d  the  
p r e s e n c e  of a h ea v y  s i lv e r  d e p o s it  in  the d en se  r e a c t io n  prod u ct  at  
v a r io u s  s i t e s  (F ig .  248).  With the la r g e  p eak  o f  s i lv e r ,  a sm a ll  
su lphur p ea k  i s  a l s o  found. A n a ly s is  of d e p o s i t - f r e e  a r e a s  of the sa m e  
s e c t io n s  s ta in ed  with p e r io d ic  a c id  th io ca rb o h y d ra z id e  s i l v e r  p ro te in a te  
sh o w ed  no s ig n if ic a n t  s p e c tr a l  l in e  o f  s i l v e r  (F ig .  249).  The p r e s e n c e  of  
h e a v y  d e p o s it s  of le a d  in  the d e n s e  a c id  p h o sp h a ta se  r e a c t io n  prod u ct  
h a s  a l s o  b e e n  c o n f ir m e d  by X - r a y  a n a ly s i s  ( F i g s .  250, 252 ) .  With the  
l a r g e  le a d  peak , a s m a ll  o s m iu m  p eak  w a s  a l s o  found. A n a ly s is  of c l e a r  
a r e a s  fr o m  the sa m e  s e c t io n s  show ed no s ig n if ic a n t  le a d  d e p o s it  
( F i g s .  2 5 1 ,2 5 3 ) .
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C H A PT E R  NINE
DISCUSSION
rA
1. N o r m a l  M o r p h o l o g y
T h e  s q u a m o u s  m u c o s a  of the  h u m a n  o e s o p h a g u s  c l o s e l y  
c o r r e s p o n d s  to the n o n - k e r a t i n i s e d  e p i t h e l i u m  of the  b u c c a l  m u c o s a  
( Z e l i c k s o n  an d  H a r t m a n n ,  1962 ; H a s h i m o t o ,  D i b e l l a  an d  S h k la r ,  1966) 
an d  c e r v i c a l  m u c o s a  ( H a c k e m a n n ,  G r u b b  and  H i l l ,  1968). T h i s  a p p l i e s  
in  p a r t i c u l a r  to the  m e m b r a n e - c o a L i n g  g r a n u l e s  (G rubb ,  H a c k e m a n n  
an d  H i l l ,  1968 ; H a y w a r d  a n d  H a c k e m a n n ,  1973).  T h e s e  g r a n u l e s  l a c k  
the  d i s t i n c t i v e  l a m i n a t i o n  s e e n  in  k e r a t i n i s i n g  e p i t h e l i u m  ( M a to l t s y  
an d  P a r a k k a l ,  1965 ; R ow den ,  1966), a l t h o u g h  t r a c e s  of th i s  
d i f f e r e n t i a t i o n  w e r a  o c c a s i o n a l l y  r e c o g n i s e d .  A b s e n t  a l s o  w a s  an y  
e v i d e n c e  of k e r a t o h y a i i n  g r a n u l e s  in  th °  ^ p ^ a g u s ,  d e s p i t e  t h e i r  
i d e n t i f i c a t i o n  in  n o n - k e r a t i n i s e d  c e r v i c a l  s q u a m o u s  e p i t h e l i u m  
( H a c k e m a n n  e t  a l ,  1968).
T h e r e  a r e  two f e a t u r e s  of the o e s o p h a g e a l  m u c o s a  w h ic h  h a v e  not  
b e e n  r e p o r t e d  in  o t h e r  e q u i v a l e n t  s i t e s .  T h e s e  a r e  the i n t r a c y t o p l a s m i c  
d e s m o s o m e s  and  the  n u c l e a r  b o d i e s .  I n t r a c y t o p l a s m i c  d e s m o s o m e s  a r e  
of r a r e  o c c u r r e n c e ,  t e n d in g  to  be s e e n  p a r t i c u l a r l y  a t  p o in t s  w h e r e  
a d j a c e n t  c e l l s  s e e m  to  h a v e  p u l l e d  a p a r t  a n d  l a c k  c o n v e n t io n a l  
d e s m o s o m a l  a d h e s i u n .  T h i s  m i g h t  be t a k e n  to s u p p o r t  the  v iew  th a t  
t h e i r  o c c u r r e n c e  i s  r e l a t e d  to d e f e c t i v e  i n t e r c e l l u l a r  a d h e s i o n  
( M i s h i m a  an d  P i n k u s ,  1968 ; Se i j i  a n d  M iz u n o ,  1969 ; T a k a k i ,  iv iasu tani  
an d  K a w a d a ,  1971).  P e r h a p s  the r e s i d u a l  h e m i d e s m o s o m e  is  r e t r a c t e d  
in to  the  c e i l  and  p i n c h e d  off,  f o r m i n g  a tw in  fo r  i t s e l f  f r o m  the 
r e s u l t a n t  s m a l l  i n t r a c e l l u l a r  v a c u o l e .  T he  n u c l e a r  b o d i e s  e n c o u n t e r e d  
i n  the  p r e s e n t  s t u d y  a r e  e q u i v a l e n t  to  s i m i l a r  s t r u c t u r e s  d e s c r i b e d  a s  a  
n o r m a l  c e l l u l a r  c o m p o n e n t  in  o t h e r  s i t e s  ( B u t t n e r  and  H o r s t m a n n ,  1967 ; 
D u p u y - C o i n ,  L a z a r ,  K a l i f a t  a n d  B o u t e i l l e ,  1969).  W hi le  t h e i r  n o r m a l  
o c c u r r e n c e  in  h u m a n  o e s o p h a g u s  can  be  a f f i r m e d ,  t h e i r  f u n c t io n a l  
s i g n i f i c a n c e  r e m a i n s  o b s c u r e .  T h e s e  s t r u c t u r e s  a r e  d e a l t  w i th  in  
g r e a t e r  d e t a i l  in  C h a p t e r  7.
The  s u b m u c o s a l  g la n d s  of  the h u m a n  o e s o p h a g u s  c a n  b e s t  be 
c o m p a r e d  w i th  the h u m a n  l a b i a l  s a l i v a r y  g la n d s  ( T a n d i e r ,  D enn ing ,
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M andel and K u tsc h e r ,  1969). T h e ir  p r in c ip a l  m u co u s  c e l l s  a r e  v ir tu a l ly  
id e n t ic a l  in  m an y  r e s p e c t s ,  su ch  a s  g e n e r a l  granule  m o r p h o lo g y  and  
the o c c u r r e n c e  of 'd u p lex ’ in c lu s io n s ,  the v a c u o la r  and f ib r i l la r  
a g g r e g a te s  d e s c r ib e d  in  C hapter 3. T a n d ler  e t  a l .  (1969) b e l ie v e  that  
th e s e  in c lu s io n s  a r e  d is c h a r g e d  a long  w ith  the m u c u s ,  but th e r e  i s  no  
d ir e c t  e v id e n c e  fro m  the p r e s e n t  study to support th is  v ie w . Som ew hat  
s im i l a r  f i la m e n to u s  bu nd les  have b een  d e s c r ib e d  in  a d ip o se  c e l l s  in  
r e la t io n  to l ip id  d r o p le ts ,  but aga in  th e ir  fu nction  i s  unknown (Wood, 1967).  
The o c c a s io n a l  a r r a y s  of m ic r o tu b u le s  o b s e r v e d  in  the p r e s e n t  study  
w ith in  m ito ch o n d r ia  have  no co u n terp a rt  in  p r e v io u s  s tu d ie s  of s a l iv a r y  
t i s s u e .
The s u b s id ia r y  a c in a r  s e c r e t o r y  c e l l s  have g r a n u le s  of g r e a te r  
d e n s ity  than th o se  of the m o r e  n u m ero u s  m u co u s  c e l l s .  T h ey  r e s e m b le  
to  s o m e  ex ten t  the m u c u s  g r a n u le s  o f  g a s t r ic  m u co u s  c e l l s  (L i l l ib r id g e ,  
1964 ; Rubin, R o s s ,  S le i s e n g e r  and J e f f r i e s ,  1968). In the la b ia l  
s a l iv a r y  g lands T a n d ler  et  a l .  (1969) r e p o r te d  a s im i la r  d e g r e e  of  
v a r ia t io n  in  granule  m o r p h o lo g y .  The c e l 1*! conta in ing  s m a l l e r  g r a n u le s  
of h e te r o g e n e o u s  p a ttern , or  on o c c a s io n  few  i f  any g r a n u le s ,  m a y  
c o r r e sp o n d  to  the " inactive  m u c o u s  c e l l s "  of G o e tsc h  (1910).  P e r h a p s  
th e y  a r e  im m a tu r e  f o r m s .  M ore l ik e ly  th ey  a r e  t r a n s it io n a l  b e tw een  
a c in a r  and duct c e l l s ,  in  a s itu a t io n  an a lo g o u s  to  that of the c e n tr o a c in a r  
c e l l s  of p a n c r e a s .
The m y o e p ith e l ia l  c e l l s  o f  o e so p h a g e a l  g lands a re  confined  to  the 
a c in i  and the a d ja cen t d u c t s .  T h ey  d is p la y  no u nusua l f e a tu r e s  and can  
be c o m p a red  d ir e c t ly  w ith  th o se  of s a l iv a r y  t i s s u e  (T a n d ler ,  D enning,  
M an del and K u tsc h e r ,  1970). It i s  c u r io u s  that the o th e r w is e  m e t ic u lo u s  
h is t o lo g ic a l  study of G o e ts c h  (1910) should  have m ade no m en tio n  of  
t h e s e  c e l l s .
The o n c o c y te s  o f  the p r e s e n t  s tudy  c o r r e s p o n d  to th o se  p r e v io u s ly  
re p o r te d  in  n o r m a l s a l iv a r y  g lands (T a n d ler ,  1966b ; B o g a r t ,  1970) and  
e l s e w h e r e  (Roth, O len and H an sen , 1962 ; T a n d ler  and Shipkey, 1964 ; 
B a lo u g h  and Roth, 1965 ; M cG avran , 1965 ; T a n d ler ,  1966a). The
76
u l t r a s tr u c tu r e  of th e se  c e l l s  and th e ir  o c c u r r e n c e  at the ju n ction  of 
duct and a c in u s  g iv e s  no c lu e  to th e ir  o r ig in ,  thought v a r io u s ly  to be 
f r o m  duct c e l l s  (C hauncey, Shklar and B r o o k s ,  1962 ; Shklar and  
C hauncey, 1965), f r o m  m y o e p ith e l ia l  c e l l s  (Hubner, P a u lu s s e n  and  
K l e i n s a s s e r ,  1967) and fr o m  a c in a r  s e c r e t o r y  c e l l s  (Voth, 1962). The 
d is t in c t iv e  o n co cy to m a  (T a n d ler ,  1966a), w h ich  s h a r e s  the sa m e  
u l tr a s tr u c tu r a l  f e a tu r e s ,  i s  d e s c r ib e d  in  v a r io u s  s itu a t io n s ,  but, 
s u r p r is in g ly ,  ap p aren tly  not in  o e so p h a g u s .
The m a in  duct c e l l s  d e s c r ib e d  above do not appear  to con tr ib ute  
m u c u s  s e c r e t io n  to the p rod u ct  o f  the gland, nor  do th ey  a p p ea r  to 
have  the l a r g e - s c a l e  flu id  and e le c t r o ly t e  t r a n s fe r  fun ctions  w h ich  a re  
in f e r r e d  fr o m  the u l t r a s tr u c tu r a l  f e a tu r e s  of s tr ia te d  duct c e l l s  in  
s a l iv a r y  t i s s u e .  It i s  u n c e r ta in  w h eth er  the sm a ll  a p ica l  v e s i c l e s  
r e f l e c t  a s e c r e t o r y  o r  an a b so r p t iv e  function .
F in a l ly ,  the in n erv a t io n  of  the o e s o p h a g e a l  s u b m u c o s a l  g lands i s  
b y  in d ir e c t  con tact ,  s in c e  n e u r a l  e l e m e n ts  a r e  found ^»nly in  p e r ia c in a r  
c o n n e c t iv e  t i s s u e s  and do not e n te r  the ep ith e l iu m  a s  r e p o r te d  in  
s a l iv a r y  t i s s u e  (T an d ler  and R..oss, 1969 ; Hand, 1970). T h is  d if fe r e n c e  
m a y  w e l l  be re la te d  to  th e ir  d if fe r e n t  function , the m o r e  s o p h is t ic a te d  
d ir e c t  co n tro l o f  the s a l iv a r y  t i s s u e  p erh a p s  r e f le c t in g  the im m e d ia te  
r e s p o n s iv e n e s s  of s a l iv a r y  s e c r e t io n  to s t im u la t io n  fr o m  h ig h e r  c e n t r e s .
The L a n g erh a n s  c e l l s  o f  the hum an o eso p h a g u s  a re  m o r p h o lo g ic a l ly  
id e n t ic a l  to th o se  p r e v io u s ly  r e p o r te d  in  the e p id e r m is  (B ir b e c k ,  
B r e a th n a c h  and E v e r a l l ,  1961 ; Z e l ic k s o n ,  1965) and in  the sq u am ou s  
m u c o s a  of  c e r v ix  (Y o u n es ,  R o b e r tso n  and B e n c o s m e ,  1968). T h e s e  
in t r a - e p i th e l ia l  L ange rhans c e l l s  a r e  not found in  o ther than a  
s t r a t i f ie d  squam ous lo c a t io n .  The o r ig in a l  v ie w  of M a s s o n  (1926 , 1951) 
that the L ange rhans c e l l  r e p r e s e n t s  an e f fe te  m e la n o c y te ,  h a s  a lr e a d y  
b e e n  d i s c r e d i t e d  by the o b s e r v a t io n  that the L ange rhans c e l l s  d ev e lo p  
n o r m a l ly  in  a n im a ls  e x p e r im e n ta l ly  d ep r iv e d  of the n e u r a l  c r e s t ,  fr o m  
w h ich  the m e la n o c y te  i s  known to be d e r iv e d  (B rea th n ach , S i lv e r s ,  Sm ith  
and H ey n er ,  1968). The a b se n c e  of any id en t if ia b le  m e la n o c y t e s  in  the
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s p e c i m e n s  of  o e s o p h a g u s  w h ic h  h a v e  b e e n  s tu d i e d  h e r e  m a y  s e r v e  a s  
c i r c u m s t a n t i a l  e v i d e n c e  in  s u p p o r t  of t h i s  e x p e r i m e n t a l  s tu d y .  T h e r e  
i s .  in an y  c a s e ,  l i t t l e  u l t r a s t r u c t u r a l  r e l a t i o n s h i p  b e t w e e n  the  
L a n g e r h a n s  g r a n u l e  a n d  the p r e m e l a n o s o m e  o r  m e l a n i n  g r a n u l e s .
T he  r e l a t i v e l y  c o m m o n  t o p o g r a p h i c a l  r e l a t i o n s h i p  b e t w e e n  the 
L a n g e r h a n s  g r a n u l e  a n d  the  G o lg i  a p p a r a t u s  h a s  e n c o u r a g e d  the  v ie w  
t h a t  th i s  m i g h t  be  the s i t e  of i t s  o r i g i n  o r  s y n t h e s i s  ( B r e a t h n a c h ,  1964 ; 
N i e b a u e r ,  K r a w c z y k ,  Kidd  an d  W i l g r a m ,  1969) the  s u b s e q u e n t
d i s c h a r g e  of the  g r a n u l e  b e i n g  i n d i c a t e d  by  i t s  c o m m o n l y  o b s e r v e d  
c o n t in u i t y  w i th  the  c e l l  m e m b r a n e .  E q u a l l y  p e r s u a s i v e ,  h o w e v e r ,  i s  
the  v iew  t ^ af  g r a n u l e s  f o r m  a t  the  c e l l  s u r f a c e  by a p r o c e s s  of 
e n d o c y t o s i s  ( H a s h i m o t o ,  1971) a k i n  to  the s p e c i a l i s e d  v a r i e t y  of 
m i c r o p i n e c y t o s i s  w h ic h  i s  s e e n  i n  m a c r o p h a g e s ,  a l t h o u g h  t r a c e r  s t u d i e s  
h a v e  so  f a r  f a i l e d  to s u p p o r t  a n  a c t i v e  p h a g o c y t i c  r o l e  f o r  the  L a n g e r h a n s  
c e l l  (Wolf f  a n d  S c h r e i n e r ,  1970 ; S ag b ie l ,  1972).
P e r h a p s  the  m o s t  i n t e r e s t i n g  of r e c e n t  f in d in g s  a r e  r e p o r t s  of 
the  i d e n t i f i c a t i o n  of  t y p i c a l  L a n g e r h a n s  g r a n u l e s  in  c e l l s  f a r  r e m o v e d  
f r o m  a n  e p i t h e l i a l  l o c a t i o n .  C e l l s  of L a n g e r h a n s  type  h a v e  b e e n  d e s c r i b e d ,  
f o r  e x a m p l e ,  in  l y m p h a t i c  v e s s e l  ( S i l b e r b e r g ,  B a e r  an d  R o s e n t h a l l ,  1974), 
in  l y m p h  n o d e s ,  b o th  h u m a n  (S h a m o to ,  K a p la n  a n d  K a tc h ,  1971 ; V e r n o n ,  
F o u n t a i n ,  K r e b s ,  H o r t a - B a r b o s a ,  F u c c i l l o  an d  S e v e r ,  1973) and  r a b b i t  
(Konodo ,  1969),  and  in  the d e r m i s  ( K i i s t a l a  a n d  M u s t a k a l l i o ,  1968).  
M o r e o v e r ,  m a n y  r e p o r t s  h a v e  b e e n  p u b l i s h e d  of t y p i c a l  L a n g e r h a n s  
g r a n u l e s  in  the c e l l s  of h i s t i o c y t i c  l e s i o n s  ( T a r n o w s k i  a n d  H a s h i m o t o ,
1967 ; H a s h i m o t o  and  T a r n o w s k i ,  1968; W a t s o n  an d  Swedo,  1968 ;
G ia n o t t i  an d  K apu to ,  1969 ; M o r a l e s ,  F i n e ,  H o r n  a n d  W a t so n ,  1969 ; 
I m a m u r a  a n d  M u r o y a ,  1971 ; H a s h i m o t o  an d  P r o t z k e r ,  1973).
T h e s e  r e p o r t s  p r o v i d e  u s  w i th  c a u s e  to c o n s i d e r  a  " m e s e n c h y m a l "  
o r i g i n  an d  f u n c t io n  f o r  the i n t r a - e p i t h e l i a l  L a n g e r h a n s  c e l l .  F o r  
e x a m p l e ,  a  p o s s i b l e  fu n c t i o n  a s  " e p i d e r m o c l a s t "  h a s  b e e n  p r o p o s e d  by  
P r u n i e r a s  (1969)  a lo n g  w i th  the  s u g g e s t i o n  t h a t  the L a n g e r h a n s  c e l l  
m i g h t  hav e  a  r o l e  in  the c a p t u r e  of a n t i g e n i c  m a t e r i a ]  in  fhe s k in .  The
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o b s e r v a t io n  by S i lb e r b e r g  (197 3) of the ju x a p o sit io n  o f  L a n g erh a n s  
c e l l s  and m o n o n u c le a r  c e l l s  at s i t e s  of con tact  a l l e r g ic  r e a c t io n s  w as  
taken  by h im  a s  support for  su ch  a r o l e .  The a b i l i ty  of L a n g erh a n s  
c e l l s  to in c o r p o r a te  la b e l le d  thym id ine  (G ia co m ett i  and M ontagna, 1967) 
and to d iv ide w ith in  the e p ith e l iu m  s u g g e s t s  that th ey  m a y  w e ll  be m o r e  
than m e r e  t r a n s ie n t  m ig r a n ts  in  th is  s i t e .  T h is  b eh av iou r  recall©  the 
s im i l a r  p r o l i f e r a t iv e  c a p a c i ty  of the in t r a - e p i th e l ia l  ly m p h o cy te  of the 
in te s t in a l  t r a c t .  Indeed, B i l l in g h a m  and S i lv e r s  (1965) have  p ro p o sed  the 
ly m p h o cy te  a s  a p o ten t ia l  r e la t iv e  c f  the L a n g erh a n s  c e l l .  It i s  d if f icu lt  
to  d is t in g u is h  c o n s is t e n t ly  b e tw een  the s im p le  in t r a -e p i th e l ia l  ly m p h o cy te  
of the o eso p h a g u s  and the l e s s  w e l l  d ev e lo p e d  m e m b e r s  o f  the Langerhr.r.c 
c e l l  population . Som e c e l l s  w ould  c e r ta in ly  have q u a lif ied  a s  ly m p h o c y te s ,  
had th ere  not b e e n  s e e n  a s in g le  ty p ic a l  L a n g erh a n s  granu le  w ith in  the 
o th e r w is e  f e a t u r e l e s s  c y to p la s m .  On th is  p u r e ly  s tr u c tu r a l  b a s i s  it  
s e e m s  p o s s ib l e  that the L a n g erh a n s  c e l l  m ig h t  be r e la te d  to the in tra  - 
e p ith e l ia l  ly m p h o c y te .  E v e n  so ,  i t  r e m a in s  u n exp la in ed  that ly m p h o c y te s  
should  be v ir tu a l ly  u n iv e r s a l  inhab itan ts  of e p ith e l ia l  s u r fa c e s  of a l l  
k in d s,  w h e r e a s  the d is t in c t iv e  in tr a -e p i th e l ia l  L a n g erh a n s  c e l l  s e e m s  so  
fa r  to be confin ed  to s tr a t i f ie d  sq u am ou s  s u r f a c e s .
The w o rk  of R e a m s  (1973) g o es  a g a in s t  the grow in g  body of opinion  
in  favou r  of a  m e s e n c h y m a l  o r ig in .  H is  e x p e r im e n ts  s u g g e s t  that the 
e p id e r m a l  L a n g erh a n s  c e l l  in  the m o u s e  i s  o f  p u r e ly  e c to d e r m a l  o r ig in .
P e r h a p s  the L a n g erh a n s  c e l l s  w hich  have b een  d e s c r ib e d  in  v a r io u s  
s i t e s  in  h ea lth  and d i s e a s e  do not r e p r e s e n t  a s in g le  h o m o g en eo u s  
p op u la tion  w ith  a c o m m o n  h is to g e n e t ic  o r ig in .  The o c c u r r e n c e  o f  a 
p a r t ic u la r  u l t r a s tr u c tu r a l  s p e c ia l i s a t io n  in  d if fe r e n t  c e l l s  i s  in  i t s e l f  an  
inadequate  b a s i s  fo r  p r o o f  of a co m m o n  o r ig in  o r  id en t ity .  It m a y  be  
that the L a n g erh a n s  gran u le  i s  a  n o n sp e c if ic  c e l lu la r  in c lu s io n  d e r iv e d  
f r o m  an a c t iv i ty  s h a r e d  by d if fe r e n t  c e l l s ,  both n o r m a l and n e o p la s t ic ,  
o f  e p ith e l ia l  and m e s e n c h y m a l  o r ig in ,  ju st  a s  the s im p le  m ic r o p in o c y to t ic  
v e s i c l e  o r  c a v e o la  i s  s e e n  in  s i t e s  a s  d iv e r s e  a s  sm o o th  m u s c le ,  
e n d o th e liu m , s e r o s a l  m e s o th e l iu m  and so m e  e p ith e l ia l  c e l l s .
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N e v e r t h e l e s s ,  until th is  n eg a t iv e  h y p o th e s is  can  be m o r e  fu lly  
su b sta n t ia ted ,  the L a n g erh a n s  granule  w i l l  r e m a in  a s  c ir c u m s ta n t ia l  
e v id e n c e  to l in k  th ose  c e l l s  in  w hich  it  i s  known to o c c u r ,  p a r t ic u la r ly  
in  a s s o c ia t io n  with sq u am ou s  c e l l s .  It i s  in t e r e s t in g  to sp e c u la te  upon  
the p o s s ib l e  fa c to r s  in  the b io lo g y  of s t r a t i f ie d  squam ous ep ith e l iu m  
w hich  m ig h t  en c o u r a g e ,  or p erh a p s  dem and, the p r e s e n c e  o f  th is  cu r io u s  
popula tion  of  p r e s u m p t iv e  m e s e n c h y m a l  v i s i t o r s .  P e r h a p s  the 
r e la t iv e ly  lon g  tu rn o v er  t im e of th e s e  s u r fa c e s  i s  a cco m p a n ie d  by an  
a c c u m u la t io n  o f  in t e r c e l lu la r  'garbage* the r e m o v a l  of w h ich  c a l l s  fo r  
a h ig h ly  s p e c ia l i s e d  v a r ie t y  of s c a v e n g e r  c e l l .
2 . Squam ous C ell  C a rc in o m a  of O esophagus
No s in g le  u l t r a s tr u c tu r a l  fea tu re  i s  d ia g n o st ic  of m a lig n a n c y  
(B ern h ard , 1958 ; M e r c e r ,  1961), a lthough  m an y  c y to lo g ic a l  v a r ia t io n s  
s e r v e  to d is t in g u ish  the c a n c e r  c e l l  fr o m  i t s  n o r m a l co u n terp a rt .  The  
s tr ik in g  i r r e g u la r i t i e s  o f  n u c le a r  and c y to p la s m ic  con tou rs  o b s e r v e d  in  
th is  study  a r e  p erh a p s  the m o s t  ob v ious  of th e s e  v a r ia t io n s .  The l o s s  of  
c e l lu la r  p o la r ity ,  the ten d en cy  to b e c o m e  d etach ed  fr o m  n e igh b ou rin g  
c e l l s  and the freq u en t o c c u r r e n c e  of c y to p la s m ic  p seu d op od ia  a l l  r e f l e c t  
the d i s o r d e r ly  b eh av iou r  p a ttern s  of the m a lig n a n t  c e l l .  The ir r e g u la r i t y  
of n u c le a r  contour, w ith  freq u en t ly  o c c u r r in g  ch an n els  and in d en tation s  
m a y  have so m e  fun ction al s ig n i f ic a n c e ,  s in c e  th ey  im p ly  an in c r e a s e d  
n u c le o c y to p la s m ic  in t e r f a c e .  A lte r n a t iv e ly ,  th e s e  i r r e g u la r  con tou rs  
m a y  s im p ly  be the s ta t ic  r e p r e s e n ta t io n  o f  a g r e a t ly  in c r e a s e d  dynam ic  
f lu ctu a tion  o f  n u c le a r  m o r p h o lo g y  w ithout n e c e s s a r i l y  im p ly in g  a 
p a r t ic u la r  fun ctiona l s ig n if ic a n c e  in  r e la t io n  to n u c le o c y to p la sm ic  
in t e r c h a n g e .
The w id e  range of v a r ia t io n  of to n o f i la m en t  m o r p h o lo g y  fr o m  c e l l  
to  c e l l ,  and e v e n  w ith in  a s in g le  c e l l ,  m a y  be r e la te d  to the red u ction  
in  the n u m ber  and o r g a n is a t io n  o f  the d e s m o s o m e s .  T h is  fea tu re  w as  
a l s o  noted  in  c a r c in o m a  of c e r v ix  (L u ib e l ,  S anders  and A sh w orth , I960),  
lung (G re en e ,  B row n and D iv e r t i e ,  1969) and sk in  (M a r t in e z -P a lo m o ,  1971),
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an d  in  s q u a m o u s  ce.ll c a r c i n o m a  t r a n s p l a n t s  ( E d w a r d  and  M akk ,  I960) .
It m a y  be  t h a t  d e f i c i e n t  i n t e r c e l l u l a r  c o n n e c t i o n s  a r e  r e l a t e d  to the  
v a r i a b i l i t y  of c e l l  s h a p e  and  e v e n  to  the  i n v a s i v e n e s s  of n e o p l a s t i c  c e l l  
p o p u l a t i o n s « The  a m o e b o i d  p s e u d o p o d i a  of t u m o u r  c e l l s  in  the p r e s e n t  
s tu d y  w e r e  c e r t a i n l y  on ly  r a r e l y  a t t a c h e d  to a d j a c e n t  c e l l s  by  
d e s m o s o m e s  a n d  w e r e  u s u a l l y  fre<^ f r o m  t o n o f i l a m e n t s .
T h e  s i g n i f i c a n c e  of the  p r e s e n c e  o r  a b s e n c e  of the e p i t h e l i a l  
b a s a l  l a m i n a  a r o u n d  c a n c e r  c e l l s  i s  n o t  e a s i l y  d e t e r m i n e d .  Whi le  i t  i s  
t e m p t i n g  to i n t e r p r e t  the p r o j e c t i o n  of  t u m o u r  c e l l  p s e u d o p o d i a  
t h r o u g h  g ap s  in  the b a s a l  l a m i n a  a s  e v i d e n c e  of i n v a s i v e  b e h a v i o u r ,  i t  is  
no t  c e r t a i n  t h a t  th i s  b e h a v i o u r  i s  a  p r e r c q u i r ' 4"' fo r  i n v a s i o n .  I t  i s  
w o r th  r e c a l l i n g  t h a t  s o m e  n o n - n e o p l a s t i c  c e l l s  c a n  show s i m i l a r  
i n s t a b i l i t y  in  r e l a t i o n  to t h e i r  b a s a l  l a m i n a e  ( T o n e r  an d  F e r g u s o n ,  1971),  
a l t h o u g h  s u c h  b e h a v i o u r  is  m u c h  m o r e  c o m m o n  in  n e o p l a s m s  
(A s h w o r t h ,  S t e m b r i d g e  and  L u i b e l ,  1961 ; F r e i ,  1962 ; F r i t h i o f ,  1969 ; 
K o b a y a s i ,  1969 ; W oods  an d  S m i th ,  1969 ; F r i e d m a n n ,  1971 ; Q z z e l o ,
1971).
The  w ide  v a r i a t i o n  of u l t r a s t r u c t u r a l  d i f f e r e n t i a t i o n  s e e n  w i th in  a 
h i s t o l o g i c a l l y  t y p i c a l  s e r i e s  of s q u a m o u s  c a r c i n o m a  e m p h a s i z e s  the 
i n s t a b i l i t y  of  the n e o p l a s t i c  c e l l .  The  l i g h t  c e l l s ,  f o r  e x a m p l e ,  r e l a t i v e l y  
i n f r e q u e n t  in  the p r e s e n t  s e r i e s ,  f o r m e d  the  m a j o r  cel]  p o p u l a t i o n  in  the 
l e a s t  d i f f e r e n t i a t e d  c a s e s  of a n a p l a s t i c  n a s o p h a r y n g e a l  c a r c i n o m a  d e s c r i b e d  
by  E i n  e t  a i .  (1969).  The  e p i t h e l i a l  p e a r l s ,  on the  o t h e r  hand ,  r e p r e s e n t  
a  d e g r e e  of s q u a m o u s  d i f f e r e n t i a t i o n  w h i c h  g o e s  b e y o n d  the  n o r m a l  
l i m i t s  of the  h e a l t h y  h u m a n  o e s o p h a g e a l  m u c o s a ,  an d  h a s  f e a t u r e s  in  
c o m m o n  w i th  the k e r a t i n i s a t i o n  p r o c e s s  of  e p i d e r m i s  ( B r o d y ,  I960) .
T h e  s i g n i f i c a n c e  of the  r e g u l a r  o c c u r r e n c e  of i n t r a c y t o p l a s m i c  
d e s m o s o m e s  in  o e s o p h a g e a l  s q u a m o u s  c a r c i n o m a  i s  o b s c u r e ,  a l t h o u g h  
t h e i r  a u t h e n t i c ,  i f  r a r e ,  a p p e a r a n c e  in  n o r m a l  s q u a m o u s  e p i t h e l i u m  
d e s c r i b e d  in  C h a p t e r  3 sh o w s  th a t  th i s  i s  a n  a b n o r m a l i t y  of d e g r e e  
r a t h e r  th a n  of q u a l i t y .  In r e c e n t  y e a r s ,  i n t r a c y t o p l a s m i c  d e s m o s o m e s  
h a v e  b e e n  d e s c r i b e d  by  v a r i o u s  w o r k e r s  i n  d i f f e r e n t  l e s i o n s ,  i n c lu d in g  
B o w e n ' s  d i s e a s e  (S e i j i  and  M iz u n o ,  1969 ; Yell, Chen ,  How and  Deng ,
1974),  K e r a t o a c a n t h o m a  (T a k a k i ,  M a s u t a n i  an d  K a w a d a ,  1971 ; F i s h e r ,  
M c C o y  a n d  W e c h s l e r ,  1972), C -o t t ron 's  C a r c i n o i d  p a p i l l o m a t o s i s  
(C a p u to  a n d  P r a n d i ,  1972) and. n a s o p h a r y n g e a l  c a r c i n o m a  (L in  e t  a l ,
1969).  N o r  i s  t h i s  f in d in g  e x c l u s i v e  to t u m o u r s  d e r i v e d  f r o m  s q u a m o u s  
e p i t h e l i a ,  s i n c e  i n t r a c y t o p l a s m i c  d e s m o s o m e s  a r e  p a r t i c u l a r l y  c o m m o n  
in  m e t a s t a t i c  s i g n e t - r i n g  c e l l  c a r c i n o m a  of s t o m a c h  d e s c r i b e d  in 
C h a p t e r  5.
T he  m o d e  of f o r m a t i o n  of  t h e s e  i n t r a c y t o p l a s m i c  d e s m o s o m e s  
i s  s t i l l  u n c e r t a i n .  In G o t t r o n ' s  C a r c i n o i d  p a p i l l o m a t o s i s  (C apu to  and  
P r a n d i ,  1972) v e s i c l e s  w e r e  found  to  f o r m  a t  the c e l l  s u r f a c e  by  a 
p r o c e s s  a k i n  to m i c r o p m o c y t o s i s . TL r  s u b s e q u e n t  a d h e s i o n  of o p p o s i t e  
f a c e s  of s u c h  v e s i c l e s  w a s  b e l i e v e d  to g ive  r i s e  to the d e s m o s o m e  
s p e c i a l i s a t i o n .  A n o t h e r  fa.ctor  p o s s i b l y  r e l a t e d  to the f o r m a t i o n  of 
i n t r a c y t o p l a s m i c  d e s m o s o m e s  is  d e f e c t iv e  i n t e r c e l l u l a r  a d h e s i o n  
( M i s h i m a  an d  P i n k u s ,  1968 ; S e i j i  an d  M iz u n o ,  1969 ; T a k a k i ,
M a s u t a n i  an d  Kaw ad?  1971).  In the p r e s e n t  s tudy ,  v e s i c l e  f o r m a t i o n  
a s  d e s c r i b e d  by  C a p u t o  and  P r a n d i  (1972) w a s  n o t  o b s e r v e d  and  
t h e r e f o r e ,  a l t h o u g h  s u c h  a p r o c e s s  w ou ld  be e n t i r e l y  c o m p a t i b l e  w i th  
the m e c h a n i s m  of d e s m o s o m e  f o r m a t i o n  p r o p o s e d  by  K r a w c z y k  and  
W i i g r a m  (1973),  the p r e s e n t  o b s e r v a t i o n s  p r o v i d e  no s p e c i f i c  s u p p o r t  
f o r  t h e i r  t h e o r y .  W hen  c e l l  c o n t a c t  i s  l o s t ,  d u r i n g  m i t o s i s  o r  in  
a b n o r m a l  k e r a t i n i s a t iO i i ,  i t  m a y  be t h a t  r e s i d u a l  h c m i d e s m o s o m e s  a r e  
r e t r a c t e d  a n a  i n c o r p o r a t e d  in to  the c y t o p l a s m  w i th in  a v e s i c l e  w h e r e  
t h e y  th e n  in d u c e  the  f o r m a t i o n  of m a t c h i n g  s p e c i a l i s a t i o n s .  H o w e v e r ,  
the  a b s e n c e  of a s y m m e t r i c  c o m p l e x e s  in  the  p r e s e n t  m a t e r i a l  m a k e s  
t h i s  s e e m  a n  u n l i k e ly  m e c h a n i s m ,  a l t h o u g h  i t  m u s t  be c o n c e d e d  tha t ,  
in  c e r t a i n  c i r c u m s t a n c e s ,  a s y m m e t r i c a l  d e s m o s o m e s  h a v e  b e e n  
o b s e r v e d  (Hay  and  R e v e l ,  1969 ; O v e r t o n ,  1973), t h e i r  p r e c i s e  
s i g n i f i c a n c e  b e in g  u n c e r t a i n .
I t  h a s  b e e n  s u g g e s t e d  by  A l le n  a n d  P o t t e n  (1975) a m o n g s t  o t h e r s  
t h a t  m o d i f i c a t i o n  of c e l l  to c e l l  c o n t a c t  in  a  m a t u r i n g  s q u a m o u s  
e p i t h e l i u m  i s  e f f e c t e d  t h r o u g h  whole  d e s m o s o m a l  i s o l a t i o n  and
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sn gu lfm en t by  one of i t s  p a ren t  c e l l s .  A  h igh  tu rn over  of c e l l s  i s  to be 
e x p e c te d  in  o eso p h a g e a l  c a r c in o m a  and, th e r e fo r e ,  su ch  a th e o r y  of  
d e s m o s o m e  r e s o r p t io n  in  r e m o d e l l in g  c e l l  b o u n d a r ies  would  ex p la in  
the un usual fr eq u en cy  of in tr a c y to p la s m ic  d e s m o s o m e s  in  m ito t ic  
f ig u r e s  and e p ith e l ia l  p e a r l s .
E q u a lly  e n ig m a t ic  a r e  the "th^ck-w alled  v e s i c l e s "  of squam ous  
c e l l  c a r c in o m a  of o e so p h a g u s .  T h e s e  s t r u c tu r e s  r e m a in  a cu r io u s  
but d is t in c t iv e  fea tu re  of th is  m a t e r ia l .  Such s p e c ia l i s a t io n  has not b een  
p r e v io u s ly  d e s c r ib e d  in  sq u am ou s  c a r c in o m a  in  o ther s i t e s ,  n o r  in  any  
oth er  a l im e n ta r y  t r a c t  n e o p la s m  e x a m in e d  in  th is  w ork .
D e s p ite  th e se  m a n y  c y to lo g ic a l  a b e r r a t io n s ,  the m o s t  s tr ik in g  
o v e r a l l  fea tu re  of the u l tr a s tr u c tu r e  o f  w e l l  d if fere n t ia ted  o eso p h a g e a l  
squam ous carcinom a, i s  the p e r s i s t in g  ranaam enta i c o r r e s p o n d e n c e  
b etw een  the n e o p la s t ic  c e l l  and i t s  n o r m a l  p a ren t .  The u ltr a s tr u c tu r a l  
p a r a m e te r s  of a w e l l  d if fe r e n t ia te d  sq u am ou s  c a r c in o m a  a re  a s  
d is t in c t iv e ,  in  th e ir  own w ay, a s  i t s  h i s t o lo g ic a l  p a r a m e t e r s .  It 
r e m a in s  to be s e e n  w h eth er  d e ta i led  a n a ly s i s  of the u l t r a s tr u c tu r e  of  
such  tu m o u r s ,  p erh a p s  a l l ie d  to  quantitative  m o r p h o lo g ic a l  s tu d ie s ,  
m a y  lead  to future c o r r e la t io n s  w ith  b io lo g ic a l  b eh a v io u r ,  in  the 
m e a n t im e ,  the d is t in c t iv e  u l t r a s tr u c tu r a l  f e a tu r e s  of sq uam ou s  
c a r c in o m a  can  at t im e s  a s s i s t  in  co n f ir m in g  the d ia g n o s is  in  a tum our  
w hich  by h is to lo g ic a l  c r i t e r ia  i s  too a n a p la s t ic  io  c a t e g o r is e  w ith  
co n fid en ce .
3. G a s tr ic  tu m ours
The p r e s e n t  o b s e r v a t io n s  su b sta n t ia te  the p r e v io u s  r ep o r t  
(S asan o  e t  a l .  1969) that th ere  a re  two u ltr a s tr u c tu r a l  ty p es  of g a s t r ic  
c a r c in o m a ,  th e ir  d is t in c t io n  b e in g  m a d e  on the b a s is  of the p r e s e n c e  or  
a b se n c e  of m u co u s  s e c r e t io n  g r a n u le s ,  g ob le t  c e l l s  and lo n g  m ic r o v i l l i .  
Both typ es  show ed  the quantita tive  d e v ia t io n s  fr o m  n o r m a l w hich  have  
a lr e a d y  b een  d e s c r ib e d  p r e v io u s ly  in  g a s t r ic  c a r c in o m a  (A ib osh i,  I960  ; 
Onoe, 1963 ; G oldm an and M ing, 1968), su ch  as  n u c lea r  ir r e g u la r i ty ,
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p r o m in e n c e  of n u c le o l i ,  and v a r ia b i l i ty  of c y to p la s m ic  o r g a n e l le s .
In u ltr a s tr u c tu r a l  t e r m s ,  the c la s s i f i c a t io n  of n e o p la s m s  
a c c o r d in g  to th e ir  h is to g e n e t ic  o r ig in  can  b e s t  be a c h ie v e d  by  
r e c o g n is in g  c y to lo g ic a l  s im i l a r i t i e s  b e tw een  tu m our c e l l s  and th e ir  
n o r m a l  co u n te r p a r ts .  The g a s t r ic  c e l l  type of a d e n o c a r c in o m a  
( F ig s .  97, 98) a p p e a r s  to be m o s t  c l o s e l y  r e la te d  to the g a s t r ic  m u cou s  
c e l l s  ( F ig s .  44 , 45), on the b a s i s  of gran u le  m o rp h o lo g y .  The c e l l s  of 
the in te s t in a l  type of a d e n o c a r c in o m a  ( F i g s .  106, 107) did not r e s e m b le  
any of the n o r m a l g a s t r ic  c e l l  p op u la t io n s .  On the o ther hand, the  
p r e s e n c e  of long  m i c r o v i l l i  (F ig .  108) and of gob le t  c e l l s  (F ig .  110) 
w a s s tr o n g ly  r e m in i s c e n t  of in te s t in a l  dif*’0 '^ ^ N ation , su ch  a s  o c c u r s  
in  in te s t in a l  m e ta p la s ia  in g a s t r ic  m u c o s a  (G oldm an and M ing, 1968).  
The e a r ly  r e p o r ts  of the fine  s tru c tu re  of g a s t r ic  c a r c in o m a  (Izum i,  
1962) su g g e s te d  that g a s t r ic  c a n c e r s  w ith  long  m ic r o v i l l i  and g ob le t  
c e l l s  m ig h t  take o r ig in  in  su ch  a r e a s  o f  in te s t in a l  m e ta p la s ia  in  the 
g a s t r ic  m u c o s a .
T h ere  a r e  o th er  u lt r a s tr u c tu r a l  d e ta i l s  en co u n tered  in  the p r e s e n t  
study  of g a s t r ic  c a r c in o m a  w hich  have not p r e v io u s ly  b een  rep o r te d .
In the c y to p la s m  of the g a s t r ic  c e l l  type o f  tum our, th ere  o ccu r  
m ito c h o n d r ia l  a b e r r a t io n s ,  in t r a c i s te r n a l  in c lu s io n s  and m em b ra n o u s  
s tr u c tu r e s .  In the n u c le i  of a l l  typ es  of g a s t r ic  c a r c in o m a ,  
in tr a n u c le a r  c o i le d  in c lu s io n s  and n u c le a r  b o d ie s  a r c  found.
The m ito c h o n d r ia  w ith  tubular and v e s ic u l a r  c r i s t a e  (F ig .  99) 
a r e  s im i la r  to th ose  of s t e r o id  s e c r e t in g  c e l l s  (B e lt  and P e a s e ,  1956 ; 
Id e lm an , 1970). T h o se  w ith  c o n c e n tr ic  c r i s t a e  (F ig .  101) a re  s im i la r  
to  the m ito ch o n d r ia  d e s c r ib e d  in  ren a l c l e a r  c e l l  c a r c in o m a  (S e lje l id  
and E r i c s s o n ,  1965). In tr a m ito ch o n d r ia l  r o d -s h a p e d  in c lu s io n s  
s im i l a r  to th o se  d e s c r ib e d  in  g a s t r ic  c a r c in o m a  (F ig .  100) have b een  
re p o r te d  to o ccu r  in  hum an l i v e r  c e l l s  (M ugnaini, 1964). The 
s ig n if ic a n c e  of th e se  m ito c h o n d r ia l  a l t e r a t io n s  i s  o b s c u r e ,  a lthough th ey  
s e e m e d  to d is t in g u is h  the g a s t r ic  type fr o m  the in te s t in a l  type of 
c a r c in o m a .  A s yet, no fun ctional r e le v a n c e  can  be a s c r ib e d  to th em .
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E q u a lly  e n ig m a t ic  i s  the n ature of the in tr a c i s te r n a l  r o d -sh a p e d  
in c lu s io n s  and the m em b r a n o u s  s t r u c t u r e s .  T h e s e  r o d -s h a p e d  
in c lu s io n s  (F ig .  102) d if fer  fr o m  th o se  of the m ito ch o n d r ia  (F ig .  100) 
in  b e in g  l e s s  o r d e r ly  in  th e ir  a r r a n g e m e n t  and in  sh ow in g  no p e r io d ic i ty .  
The m em b ra n o u s  s t r u c tu r e s  (F ig .  103) can  be d is t in g u is h e d  fro m  
m ito c h o n d r ia  w ith  c o n c e n tr ic  c r i s t a e  (F ig .  101) on ly  in  that th e ir  
m e m b r a n e s  a r e  th ic k e r  than th o se  o f  m ito c h o n d r ia l  c r i s t a e .  The 
a s s o c ia t io n  of th e s e  m e m b r a n o u s  s t r u c tu r e s  w ith  d if fe r e n t  shaped  
m ito c h o n d r ia ,  su g g e s t in g  s o m e  p o s s ib l e  r e la t io n sh ip ,  cou ld  p erh ap s  
be c la r i f ie d  by future w o rk  u s in g  c y to c h e m ic a l  p r o c e d u r e s  to d em o n str a te  
m ito c h o n d r ia l  e n z y m e s .
The m o s t  d is t in c t iv e  fea tu re  o f  both  ty p es  of p r im a r y  g a s t r ic  
c a r c in o m a  w a s  the o c c u r r e n c e  of the in tr a n u c le a r  co i le d  in c lu s io n s .
T h e s e  in c lu s io n s  have not p r e v io u s ly  b e e n  d e s c r ib e d  in  n o r m a l g a s t r ic  
c e l l s  or in  o th er  hum an n e o p la s m s .  A lthough th e ir  nature i s  o b sc u r e ,  
th e ir  p o s s ib l e  s ig n if ic a n c e  in  the d if fe r e n t ia l  d ia g n o s is  o f  g a s t r ic  
c a r c in o m a  i s  d i s c u s s e d ,  to g e th er  w ith  the n u c le a r  b o d ie s ,  under a 
se p a r a te  head in g .
P o o r ly  d if fe r e n t ia te d  g a s t r ic  c a r c in o m a  d i f fe r s  f r o m  w e l l  
d if fe r e n t ia te d  tu m o u r s .  It h as  n e ith e r  the b ru sh  b o rd er  and gob let  
c e l l s  of the in te s t in a l  type, n or  the c y to p la s m ic  a b e r r a t io n s  of the 
g a s t r i c  typ e .  B oth  p o o r ly  and w e l l  d if fe r e n t ia te d  c a r c in o m a s  
con ta in ed  the in tr a n u c le a r  c o i le d  in c lu s io n s .  Only one d is t in c t io n  of 
s ig n i f ic a n c e  could  be m ad e  b etw een  d if fe r e n t  c a s e s  of p o o r ly  
d if fe r e n t ia te d  g a s tr ic  c a r c in o m a  ; s o m e  con ta in ed  g r a n u le s  of m u co u s  
s e c r e t o r y  type , w h e r e a s  o th e r s  had n on e .  It m a y  be that th is  e c h o e s  
the m u ch  c l e a r e r  d is t in c t io n  b e tw e e n  the g a s t r ic  and in te s t in a l  c e l l  
ty p e s  of w e l l -d i f f e r e n t ia t e d  tum our .
W ell d if fe r e n t ia te d  m e ta s ta t ic  g a s t r ic  c a r c in o m a  a p p ea rs  to have  
a f ine  s tru c tu re  in  k eep in g  w ith  i t s  p r im a r y  s i t e .  A ll of the s p e c im e n s  
o f  m e t a s t a t ic  g a s t r ic  c a r c in o m a  stu d ied  h e r e  w e r e  obtained  fr o m  c a s e s  
of g a s t r ic  c e l l  type c a r c in o m a ,  s in c e  th ey  conta in ed  m u co u s  s e c r e t io n
85
g r a n u le s  ( F i g s .  131, 132) id e n t ic a l  to  th o se  of g a s t r ic  m u co u s  c e l l s  
( F i g s .  4 4 ,4 5 )  and show ed  the e x p e c te d  s tr u c tu r a l  a l t e r a t io n s  in so m e  
c y to p la s m ic  o r g a n e l le s .  T h e se  a b e r r a t io n s ,  h o w e v er ,  and p a r t ic u la r ly  
th o se  of the m ito ch o n d r ia ,  w e r e  m o r e  p ronounced  than in  p r im a r y  
c a r c in o m a .  The in t r a c i s te r n a l  in c lu s io n s ( F ig s . 145, 146) o f  m e ta s ta t ic  
c a r c in o m a  d if fe r  fro m  the r o d -s h a p e d  in c lu s io n s  o f  p r im a r y  c a r c in o m a  
(F ig .  102) in  b e in g  tubular in  c r o s s - s e c t i o n  and w id er  in  d ia m e te r .
T h e y  a r e  s im i la r  to the undulating tubules  d e s c r ib e d  in  the e n d o p la sm ic  
r e t ic u lu m  of so m e  hum an l e s io n s  (Hurd, E ig en b ro d t  and Z iff, 1969 ; 
N orton , 1969 ; Jen son , Spjut, Sm ith  and Rapp, 1971 ; U zm an , Saito  and  
K a sa c ,  19 ? lV  The nature of th e se  in tr a c i s te r n a l  tubules  i s  s t i l l  
o b s c u r e .  Im m u n o f lu o r e sc e n c e  and t i s s u e  cu lture  s tu d ie s  (P in k u s ,  
B la c k lo w , G r im e ly  and B e l la n t i ,  1970) fa i le d  to support a v ir a l  o r ig in  
fo r  s im i la r  in t r a c i s te r n a l  tubules  in  s y s t e m ic  lupus e r y th e m a to su s  
(G yorkey, M in, S in k o v ics  and G york ey , 1969).
—The r in g - s h a p e d  n u c le o l i  o f  m e ta s ta t ic  c a r c in o m a  ( F i g s .  134, 135) 
have no co u n terp a rt  in  p r im a r y  c a r c in o m a .  T h e ir  s ig n if ic a n c e  i s  
unknown, but they  a r e  s im i la r  to th o se  en co u n tered  in  sq uam ou s  c e l l  
c a r c in o m a  o f  o eso p h a g u s  d e s c r ib e d  in  the p r e s e n t  study, and in  so m e  
hum an l e s io n s  such  a s  ly m p h om a and le u k e m ia  (Sm etana , G yorkey ,  
G york ey  and B u sch ,  1970).
The p o o r ly  d if fe r e n t ia te d  m e ta s ta t ic  g a s t r ic  c a r c in o m a s  a l s o  
r e s e m b le d  th e ir  co r r e sp o n d in g  p r im a r y  tu m o u rs  to a s ig n if ic a n t  d e g r e e .  
T h ey  fo r m e d  m ic r o v i l l i  (F ig .  154) and b a s e m e n t  m e m b r a n e  (F ig .  155) 
and w e r e  co n n ected  b y  ty p ica l  d e s m o s o m e s  (F ig .  157), in  c o n tr a s t  to  
g a s tr ic  ly m p h om a (F ig .  158), w hich  sh ow ed  none o f  th e s e  f e a tu r e s .  
H o w ev er ,  the a c in a r  s p a c e s ,  m u c o u s  s e c r e t io n  g ra n u le s  and  
in tr a n u c le a r  c o i le d  in c lu s io n s  w hich  w e r e  s e e n  in  p r im a r y  p o o r ly  
d if fe r e n t ia te d  g a s tr ic  c a r c in o m a ,  w e r e  not found in  s e c o n d a r y  d e p o s i t s .
The c a s e s  of m e ta s ta t ic  s ig n e t  r ing  c e l l  g a s t r ic  c a r c in o m a  
d e s c r ib e d  in  th is  study a re  s im i la r  in  s o m e  r e s p e c t s  to the p r e v io u s  
d e s c r ip t io n s  of p r im a r y  s ig n e t  r ing  c e l l  c a r c in o m a  (Goldman and Ivling, 
1968 ; S asano  e t  al, 1969). T h is  a p p l ie s  p a r t ic u la r ly  to the a p p ea ra n ce
86
of m u c o u s  g r a n u l e s  a n d  o t h e r  c y t o p l a s m i c  s t r u c t u r e s ,  s u c h  a s  
m i t o c h o n d r i a ,  G olg i  a p p a r a t u s  an d  e n d o p l a s m i c  r e t i c u l u m .  The  
m u c o u s  s e c r e t i o n  g r a n u l e s  of  s i g n e t  r i n g  ce l l  c a r c i n o m a  a r e  m o r e  
r e m i n i s c e n t  of t h o s e  of i n t e s t i n a l  g o b le t  c e l l s  than  of g a s t r i c  m u c o u s  
c e l l s .
T h e  p r e s e n t  s e r i e s ,  by  c h a n c e ,  i n c l u d e d  no c a s e  of  p r i m a r y  
s i g n e t  r i n g  c e l l  c a r c i n o m a ,  a l l  e x a m p l e s  of  th i s  t u m o u r  b e i n g  f r o m  
m e t a s t a s e s .  T h e r e  a r e  s o m e  fine s t r u c t u r a l  d e t a i l s  of m e t a s t a t i c  
signet ring c e l l  c a r c i n o m a  w h ic h  have  no t  b e e n  d e s c r i b e d  in  the 
p u b l i s h e d  r e p o r t s  of  the p r i m a r y  t u m o u r .  T h e s e  in c lu d e  i n t r a c y t o p l a s m i c  
s a c c u l a r  s t r u c t u r e s ,  t u b u i o v e s i c l e s ,  i n t r a c y t o p l a s m i c  d e s m o s o m e s  a n d  
i n t r a n u c l e a r  d e n s e  ft'*'’ -r i n c l u s i o n s .
The  s a c c u l a r  s t r u c t u r e s  ( F i g s .  165, 166) h a v e  no c o u n t e r p a r t  li­
the n o r m a l  g a s t r i c  m u c o s a .  They d i f f e r  f r o m  the c a n a l i c u l i  of g a s t r i c  
p a r i e t a l  c e l l s  (F ig .  47) in  b e i n g  e n t i r e l y  l o c a t e d  w i th in  the  c y t o p l a s m ,  
u n c o n n e c t e d  to the c e l l  s u r f a c e .  T h e i r  m i c r o v i l l i  ( F ig .  167) h a v e  a 
m i c r o f i l a m e n t o u s  c o r e  w h ic h  i s  no t  p r e s e n t  in  t h o s e  l i n in g  the c a n a l i c u l i  
ox g a s t r i c  p a r i e t a l  c e l l s .  E q u i v a l e n t  s a c c u l a r  i n c l u s i o n s  have  b e e n  
d e s c r i b e d  in  s o m e  c a s e s  of p o o r l y  d i f f e r e n t i a t e d  &? .s t r ic  c a r c i n o m a  
(Konodo ,  T a m u r a  an d  T a n i g u c h i ,  1970),  in  m a l i g n a n t  c e l l s  in  a  s e r o i  s 
e f f u s io n  due to c a r c i n o m a  of b r e a s t  (S p r in g s  an d  J e r r o m e ,  1975) and  in 
bo th  p r i m a r y  and  m e t a s t a t i c  c a r c i n o m a  of b r e a s t  ( B a t t i f o r a ,  1975).
In t h e s e  s i t u a t i o n s ,  i t  h a s  b e e n  s u g g e s t e d  t h a t  the i n t r a c y t o p l a s m i c  
s a c c u l a r  s t r u c t u r e s  r e s u l t  f r o m  the f a i l u r e  to  d i s c h a r g e  a c c u m u l a t e d  
s e c  r e t i o n .
T he  t u b u l o v e s i c l a r  ( F ig .  168) s t r u c t u r e s  d e s c r i b e d  above  a p p e a r  
s u r p r i s i n g l y  s i m i l a r  to t h o s e  of  g a s t r i c  p a r i e t a l  c e l l s  ( F ig .  48).
S ince  t h e y  d i s p l a y  a u n i t  m e m b r a n e  s i m i l a r  to  th a t  of the c e l l  m e m b r a n e ,  
t h e s e  t u b u l o v e s i c l a r  s t r u c t u r e s  m a y  w e l l  be r e l a t e d  to the  i r r e g u l a r  
s u r f a c e  of the  n e o p l a s t i c  c e l l .  T h e i r  s i g n i f i c a n c e  in  s i g n e t  r i n g  c e l l  
c a r c i n o m a  i s  o b s c u r e ,  a l t h o u g h  the  t u b u i o v e s i c l e s  of g a s t r i c  p a r i e t a l  
c e l l s  a r e  p r o b a b l y  r e l a t e d  to the  e l e c t r o l y t e  and  f lu id  t r a n s p o r t  m e c h a n i s m  
(Rubin ,  R o s s ,  S l e i s e n g e r  and  J e f f r i e s ,  1°>68). T h e r e  i s  no e v i d e n c e  for
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a c i d  s e c r e t i o n  by the  c e l l s  of g a s t r i c  c a r c i n o m a ,  a l t h o u g h  t h e r e  i s  no 
o b v ious  t h e o r e t i c a l  b a r  to the o c c u r r e n c e  of s u c h  a fu n c t io n .
T he  s i g n i f i c a n c e  of the  f r e q u e n t  o c c u r r e n c e  of i n t r a c y t o p l a s m i c  
d e s m o s o m e s  in  m e t a s t a t i c  s i g n e t  r i n g  c e l l  b u t  no t  in  a n y  o t h e r  ty pe  of 
g a s t r i c  c a r c i n o m a  i s  o b s c u r e .  I n t r a c y t o p l a s m i c  d e s m o s o m e s  have  
a l r e a d y  b e e n  d e s c r i b e d  in  d i f f e r e n t  l e s i o n s ,  i n c lu d in g  B o w e n ' s  d i s e a s e  
(Yeh,  Chen ,  How and  Deng ,  1974), K e r a t o a c a n t h o m a  ( F i s h e r ,  M c C o y  
a n d  W e c h s i e r ,  1972) and  G o t t r o n ' s  c a r c i n o i d  p a p i l l o m a t o s i s  (C apu to  
a nd  P r a n d i ,  1972) a s  w e l l  a s  in  the c a s e s  of s q u a m o u s  c e l l  c a r c i n o m a  of 
h u m a n  o e s o p h a g u s  d e s c r i b e d  in c h a p t e r  4. The  m o d e  of f o r m a t i o n  of 
t h e s e  i n t r a c y t o p l a s m i c  d e s m o s o m e s  i s  " " c e r t a i n ,  the  p o s s i b i l i t i e s
b e i n g  r e v i e w e d  in  d e t a i l  in the d i s c u s s i o n  of s q u a m o u s  c a r c i n o m a  in 
th i s  c h a p t e r .  In G o t t r o n ' s  c a r c i n o i d  p a p i l l o m a t o s i s  (C ap u to  a n d  
P r a n d i ,  1972) the v e s i c l e s  w e r e  found  to  f o r m  a t  the c e l l  s u r f a c e  by  a 
p r o c e s s  a k i n  to m i c r o p i n o c y t o s i s . T h e  a d h e s i o n  of o p p o s i t e  f a c e s  of 
s u c h  v e s i c l e s  w a s  b e l i e v e d  to give r i s e  to the " t e n n i s  r a c k e t "  H p s m o s o m e s  
a n d  s u b s e q u e n t l y  to the  t y p i c a l  d e s m o s o m e  s p e c i a l i s a t i o n s .  The  f r e q u e n t  
o c c u r r e n c e  of v e s i c l e s  and  " t e n n i s  r a c k e t "  d e s m o s o m e s  (T i g s .  163, 164) 
in  the p r e s e n t  s tudy  t e n d s  to  s u p p o r t  t h i s  v iew .  H o w e v e r ,  d e f e c t iv e  
i n t e r c e l l u l a r  a d h e s i o n  i s  a n o t h e r  p o s s i b l y  r e l e v a n t  f a c t o r  r e l a t e d  to the 
f o r m a t i o n  of i n t r a c y t o p l a s m i c  d e s m o s o m e s  ( M i s h i m a  and  P i n k u s ,  1968 ; 
S e i j i  an d  M izuno ,  1969 ; T a k a k i ,  M a s u t a n i  an d  Kow-ada, 1971). S igne t  
r i n g  c e l l  c a r c i n o m a  i s  of c o u r s e  p a r t i c u l a r l y  d i s t i n g u i s h e d  by  the  l a c k  
of  c e l l u l a r  a d h e s i o n  a n d  the i n f i l t r a t i n g  s p r e a d  of  s e p a r a t e  s in g le  c e l l s .
E q u a l l y  e n i g m a t i c  is  the n a t u r e  of  the i n t r a n u c l e a r  t u b u l e s  and  
d e n s e  i n t r a n u c l e a r  i n c l u s i o n s  in  m e t a s t a t i c  s i g n e t  r i n g  c e l l  c a r c i n o m a .  
I n t r a n u c l e a r  t u b u l e s  s i m i l a r  to t h o s e  d e s c r i b e d  in  the p r e s e n t  s tu d y  
( F i g .  169) h a v e  b e e n  found  in  i n t r a c r a n i a l  c h i c k e n  s a r c o m a  ( B u c c i a r e l l i ,
1966) and  in p u l m o n a r y  a d e n o m a s  a n d  a d e n o c a r c i n o m a s  of m i c e  ( F l a k s  
a nd  F l a k s ,  1970).  In R ous  s a r c o m a  ( B u c c i a r e l l i ,  1966) t h e s e  
i n t r a n u c l e a r  t u b u l e s  h a v e  b e e n  s u g g e s t e d  to be r e l a t e d  to a l t e r e d  
f r a g m e n t s  of  n u c l e a r  m a t e r i a l .  D e n s e  i n c l u s i o n s  i d e n t i c a l  to t h o s e  
d e s c r i b e d  a b o v e  w e r e  r e p o r t e d  in s o m e  c a s e s  of  co lo n ic  c a r c i n o m a
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(F ig .  170) (Spjut and Sm ith , 1967). T hey  w e r e  thought to be r e la te d  
to f ix a t io n  a r t i fa c t .  T h e s e  in c lu s io n s  w e r e  s e e n  in the p r e s e n t  study  
in  a l l  c a s e s  of m e ta s ta t ic  s ig n e t  r ing c e l l  g a s t r ic  c a r c in o m a  ex a m in ed  
but in  no o th er  s im i l a r ly  p r o c e s s e d  n e o p la s m  of the a l im e n ta r y  ca n a l.
If th is  r e p r e s e n t s  a f ix a t io n  a r t i fa c t ,  it  i s  a s tr ik in g ly  c o n s is te n t  and 
s p e c i f i c  fo r m  o f  a r t i fa c t .  It s e e m s  m o r e  p rob ab le  that i t  r e p r e s e n t s  a 
true s tr u c tu r a l  fea tu re  of th is  type o f  c a n c e r .  M o rp h o lo g ic a l ly ,  th e se  
in c lu s io n s  a r e  not d i s s i m i l a r  to the su rrou n ding  ch ro m a tin  ; th ey  m a y  
p erh a p s  r e p r e s e n t  a b n o rm a l a g g r e g a te s  of c h ro m a tin  g r a n u le s .
In co n c lu s io n ,  i t  i s  ev id en t  fr o m  the w ide range of v a r ia t io n  of 
g a s tr ic  c a r c in o m a  in  the p r e s e n t  study, that the n e o p la s t ic  c e l l  can  
d isp la y  m a n y  c y to lo g ie a l  abex'x*ations. H o w ev er ,  d esp ite  th e s e  
d e v ia t io n s ,  the n e o p la s t ic  c e l l s  at a l l  l e v e l s  of d if fe r e n t ia t io n  re ta in e d  
th e ir  e p ith e l ia l  id en tity .  T hey  w e r e  s t i l l  co n n ected  by d e s m o s o m e s ,  
r e s t e d  on a b a sa l  la m in a  and tended  to fo rm  a c in a r  s p a c e s  and m ic r o v i l l i .  
The p r e s e n c e  in  s o m e  g a s tr ic  c a n c e r s  of m u co u s  s e c r e t io n  g ra n u le s  
id e n t ic a l  to th ose  of g a s t r ic  m u co u s  c e l l s  i s  a  c lue  for th e ir  id en t if ica t io n .  
T h is  i s  in  c o n tr a s t  w ith  the c e l l s  of g a s t r ic  ly m p h om a, w h ich  la c k  
e p ith e l ia l  a d h es io n  s p e c ia l i s a t io n s ,  b a s a l  la m in a ,  a c in a r  s p a c e s  and  
s e c r e t io n  g ra n u le s  of any kind (F ig s .  121, 122). The l im it e d  
a v a i la b i l i ty  of c a s e s  of a l im e n ta r y  ly m p h o m a  m a k e s  i t  d if f ic u lt  to  
g e n e r a l i s e ,  but the c o m p a r is o n s  m ad e  h e r e  support the v ie w  that 
u ltr a s tr u c tu r a l  e x a m in a t io n  m a y  have an  im p o rta n t  ro le  to p la y  in  the  
a c c u r a te  d if fe r e n t ia l  d ia g n o s is  of a n a p la s t ic  tu m ou rs  of the gut.
4 . C o lon ic  T u m ou rs
The m a in  u l t r a s t r u c t u r a l  f e a tu r e s  o f  v i l lo u s  p a p il lo m a  a lr e a d y  
p u b lish ed  in c lud e  the o c c u r r e n c e  of m em b r a n e -b o u n d  in c lu s io n s  (F i s h e r  
and Sharkey , 1962), the p r e s e n c e  of d ark  c e l l s  (Im ai, Sa ito  and Stein ,
1965 ; Spjut and Sm ith , 1967), the im m a tu r ity  o f  the c e l l s  (Kaye, 
F e n o g l io ,  P a s c a l  and L an e , 1973) and the w idened  in t e r c e l lu la r  s p a c e s  
(Ioach im , D e la n e y  and M ad razo , 1973). A part fro m  the w id en ed  
in t e r c e l lu la r  s p a c e s ,  a l l  of th e s e  f e a tu r e s  w e r e  en co u n tered  in  the
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p r e s e n t  study.
H o w ev er ,  the d ark  c e l l s  d e s c r ib e d  by p r e v io u s  au thors  in  v i l lo u s  
p a p il lo m a  did not c o r r e s p o n d  to the a g g r e g a te s  of d ark  c e l l s  noted in  
the p r e s e n t  s e r i e s .  The c e l l s  p r e v io u s ly  d e s c r ib e d  did n ot have the 
n u m ero u s  c l o s e l y  p a ck ed  m ito c h o n d r ia ,  the in tr a c e l lu la r  v a c u o le s  and  
the pron ou nced  la t e r a l  in te r d ig ita t io n s  d e s c r ib e d  in the p r e s e n t  study.
T h e y  w e r e  a l s o  d is p e r s e d  s in g ly  b e tw e e n  the p r in c ip a l  c e l l s  of v i l lo u s  
p a p il lo m a , g iv ing  r i s e  to the v ie w  that they  m ig h t  r e p r e s e n t  d e g en era t in g  
gob let  ce 11s (Spjut and Sm ith , 1967).
In the p r e s e n t  study, the a g g r e g a te s  of d ark  c e l l s  a r e  the m o s t  
d is t in c t iv e  fea tu re  of v i i lo u s  p a p i l lo m a .  The '?'■ o s e -p a c k e d  a g g r e g a te s  of  
m ito ch o n d r ia ,  the p a le  in tr a c e l lu la r  v a c u o le s  and the exu b eran t  
l a t e r a l  in te r d ig ita t io n s  ( F i g s .  181, 183) w e r e  not s e e n  in  the p r e s e n t  
s e r i e s  of co lo n ic  c a r c in o m a  or  in  s a m p le s  of n o r m a l co lo n ic  m u c o s a .
It m ig h t  be re le v a n t  that c e l l s  o f  o ther  types  known to be in v o lv ed  in  
e le c t r o ly t e  and fluid tr a n sp o r t ,  su ch  a s  the c e l l s  of the ren a l tubules  
(T is h e r ,  B u lg e r  and T ru m p , 1966) s h a r e  c e r ta in  s im i l a r i t i e s  of fine  
s tru c tu re  w ith  th e se  dark c e l l s .  The nature  of th e se  a g g r e g a te s  of c e l l s  
i s  unknown. P e r h a p s  they  m ig h t  r e p r e s e n t  m o d if ie d  g ob le t  c e l l s .  On 
the o ther hand, it  i s  in t e r e s t in g  to s p e c u la te ,o n  the b a s i s  of th e ir  fine  
s tr u c tu r e ,  that they  m ig h t  be r e la te d  to the f lu id  and e le c t r o ly t e  l o s s  
w hich  i s  known to o c c u r  in  so m e  c a s e s  of v i l lo u s  p a p il lo m a  (W ells ,
M oron  and C ooper, 1962).
The in tr a c e l lu la r  in c lu s io n s  o f  v i l lo u s  p a p il lo m a  (F ig .  180) 
c o r r e s p o n d  to the m e m b r a n e -b o u n d  in c lu s io n s  w h ich  have b een  
d e s c r ib e d  in  v a r io u s  l e s i o n s  o f  the a l im e n ta r y  tr a c t  ( F i s h e r  and S h ar ley ,  
1962). T h e s e  w e r e  c o n s id e r e d  to r e p r e s e n t  the d e g en era t in g  n u c le i  o f  both  
in t r a -e p i th e l ia l  ly m p h o c y te s  and e p ith e l ia l  c e l l s .  The in c lu s io n  b o d ies  
d e s c r ib e d  b y  F i s h e r  and Shark ey  (1962) d if fer  fr o m  th o se  s e e n  in  the 
p r e s e n t  s tud y  only  in  b ein g  in t e r c e l lu la r ly  lo c a te d .  S im ila r  in c lu s io n s  
w e r e  not en co u n tered  during th is  study e i th e r  in  n o rm a l co lo n ic  m u c o s a  
or in  c a s e s  o f  c a r c in o m a  o f  co lo n .
The p r e s e n t  s tudy  is  a l s o  in  a g r e e m e n t  w ith  the p r e v io u s  re p o r t
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(Kaye e t  a l ,  1973) that the c e l l s  o f  v i l lo u s  p a p il lo m a  c l o s e l y  r e s e m b le  
the im m a tu r e  ep ith e l iu m  of the lo w e r  one th ird  of the c o lo n ic  cry p t  
( F i g s .  6 3 ,6 4 ) .  P a r t ic u la r  s im i l a r i t i e s  e x i s t  b e tw een  th e ir  m ic r o v i l l i ,  
ju n ction a l c o m p le x e s ,  la t e r a l  m a r g in s  and s e c r e t o r y  p rod u ct .
The n e o p la s t ic  c e l l s  of the p r e s e n t  s e r i e s  of w e l l  d if fe r e n t ia te d  
co lo n ic  c a r c in o m a  can a ls o  be c o m p a red  with the u n d ifferen t ia ted  
e p ith e l iu m  of the lo w e r  one th ird  of the co lo n ic  cryp t  (F ig .  65). T h is  
p a r t ic u la r ly  a p p lie s  to  the ap p ea ra n ce  of th e ir  n u c le i  and the a b s e n c e  
of the gob le t  c e l l  type o f  m u co u s  g r a n u le s .  B e c a u s e  of th is  a b s e n c e  of 
m u c o u s  g r a n u le s ,  e a r ly  s tu d ie s  (B ir b e c k  and D u k es ,  1963) drew  
co m p a r iso n ?  wi+h the m a tu re  a b so r p tiv e  c e l l s  o f  co lo n ic  m u c o s a  ; the  
c o r r e s p o n d e n c e  with im m a tu r e  cryp t  c e l l s  i s ,  h o w e v e r ,  m u ch  c l o s e r .
In both v i l lo u s  p a p il lo m a  and w e l l  d if fe r e n t ia te d  co lo n ic  c a r c in o m a ,  th is  
c o r r e s p o n d e n c e  ap p lied  to d e ta i l s  of the a p ic a l  c e l l  s u r fa c e .  The tum our  
c e l l s  la c k  the p ro m in en t  fu zzy  coa t  and long  and w e l l  o r g a n ise d  
m i c r o v i l l i  of the m a tu re  co lo n ic  m u c o s a l  c e l l s .  The s p h e r ic a l  
m e m b r a n e - l im it e d  v e s i c l e s  freq u en t ly  s e e n  b e tw een  the m ic r o v i l l i  of  
n o r m a l  co lo n ic  c e l l s  (F ig .  60) a r e ,  h o w e v e r ,  a l s o  p r e s e n t  in  both  
c o lo n ic  c a r c in o m a  (F ig .  187) and v i l lo u s  p a p il lo m a  (F ig .  175).
The p en e tra t io n  of the b a s a l  la m in a  of c o lo n ic  c a r c in o m a  by  
c y to p la s m ic  p r o je c t io n s  fr o m  the n e o p la s t ic  c e l l s  h as  b een  c o n s id e r e d  to  
be the m o s t  c h a r a c t e r i s t ic  fea tu re  o f  m a lig n a n c y  (Im ai and Stein , 1963 ; 
C a rd o so ,  D ie n e r ,  A lv a r e z ,  E liz a b e th  and M aldonado, 1971), s in c e  su ch  
a p h en om en on  w as not s e e n  in  n o r m a l co lo n ic  m u c o s a .  S im i la r  
a p p e a r a n c e s ,  h o w e v e r ,  have  a l s o  b een  d e s c r ib e d  in  so m e  v i l lo u s  
p a p i l lo m a s  (Im ai e t  a l ,  1965). In the p r e s e n t  study, the p en e tra t io n  of  
the b a sa l  la m in a  by c y to p la s m ic  p r o je c t io n s  w as  confined  to co lo n ic  
c a r c in o m a ,  and w as not s e e n  in  v i l lo u s  p a p il lo m a  or  in  n o r m a l m u c o s a .
T h ere  a re  o th er  u l t r a s tr u c tu r a l  f e a tu r e s  con fined  on ly  to c o lo n ic  
c a r c in o m a .  T h ese  in c lud e  d ou ghn ut-like  in c lu s io n s ,  a  n e tw o rk  of  
tub ular  s tr u c tu r e s  and d if fe r e n t  n u c le a r  and c y to p la s m ic  in c lu s io n s .
The doughn ut-like  in c lu s io n s  ( F ig s .  193, 194) of co lo n ic  c a r c in o m a  
have  p r e v io u s ly  b een  thought to be o f  v ir a l  o r ig in  (M u e lle r ,  M en efee  and
I v le r ,  I960) or  to c o n s i s t  of en gu lfed  c y to p la s m ic  m a te r ia l  (Spjut and Sm ith ,
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±967). T h e s e  doughnut-1  ike  i n c l u s i o n s  c o n t a i n e d  c a r b o h y d r a t e s ,  a s  
s how n  by  the p e r i o d i c  a c i d  s i l v e r  p r o t e i n a t e  p r o c e d u r e  a n d  w e r e  
c o n s i s t e n t l y  l o c a t e d  in  the a p i c a l  c y t o p l a s m  in  a l l  c a s e s  of p r i m a r y  
co lo n ic  c a r c i n o m a  e x a m i n e d  in  the p r e s e n t  s tu d y .  It i s  b e l i e v e d  th a t  
t h e y  m i g h t  r e p r e s e n t  h e t e r o g e n e o u s  s e c r e t o r y  g r a n u l e s .
T h e  n e t w o r k  of t u b u l a r  s t r u c t u r e s  ( F i g s .  196, 196) m o s t  p r o b a b l y  
r e p r e s e n t s  a n  a b n o r m a l  a r r a n g e m e n t  of  c i s t e r n a e  of the e n d o p l a s m i c  
r e t i c u l u m ,  s in c e  c o n t in u i t y  w i th  the m o r e  c o n v e n t io n a l  f o r m  of 
e n d o p l a s m i c  r e t i c u l u m  i s  f r e q u e n t l y  s e e n .  T h i s  i n c l u s i o n  h a s  no t  
p r e v i o u s l y  b e e n  d e s c r i b e d  in  c o lo n ic  c a r c i n o m a .
T he  m o s t  d i s t i n c t i v e  f e a t u r e  of  r e ~ f a ! ' ' ^ ’• c in e m a  s tu d ie d  h e r e  
w a s  the  o c c u r r e n c e  uf n u c l e a r  an d  c y t o p l a s m i c  i n c l u s i o n s  no t  s e e n  in  
n o r m a l  c o lo n ic  m u c o s a  c r  in  v i l l o u s  p a p i l l o m a .  T h e s e  i n c l u s i o n s  a r e  
d i s c u s s e d  l a t e r  u n d e r  a  s e p a r a t e  h e a d i n g .
The  c e l l s  of p o o r l y  d i f f e r e n t i a t e d  c o lo n ic  c a r c i n o m a  ( F ig .  200) 
s h o w e d  l e s s  c y t o p l a s m i c  o r g a n i s a t i o n  t h a n  th o s e  of  w e l l  d i f f e r e n t i a t e d  
c o l o n ic  c a r c i n o m a  ( F ig .  190). T h e y  d id  n o t  c l o s e l y  r e s e m b l e  an y  of 
the n o r m a l  co lo n ic  c e l l s ,  bu t  t h e y  w e r e  s t i l l  c o n n e c t e d  by  t y p i c a l  
d e s m o s o m e s  (F ig .  201) r e s t e d  on a  b a s a l  l a m i n a  ( F ig .  202) and  f o r m e d  
a c i n a r  s p a c e s  ( F ig .  2 01). The  c h a r a c t e r i s t i c  f e a t u r e  of t h i s  type  of 
c a r c i n o m a  w a s  the o c c u r r e n c e  of d a r k  an d  l i g h t  c e l l s  s i m i l a r  to t h o s e  
s e e n  in  p o o r l y  d i f f e r e n t i a t e d  n a s o p h a r y n g e a l  n e o p l a s m s  (L in  e t  a l ,  1969). 
S i m i l a r  l i g h t  ctnd d a r k  c e l l s  w e r e  no t  s e e n  in  c a s e s  of w e l l  d i f f e r e n t i a t e d  
c o lo n ic  c a r c i n o m a .  The  d a r k  c e l l s  of p o o r l y  d i f f e r e n t i a t e d  co lo n ic  
c a r c i n o m a  ( F ig .  200) d i f f e r  f r o m  the  d a r k  g o b le t  c e l l s  of v i l l o u s  
p a p i l l o m a  d e s c r i b e d  by  Spju t  an d  S m i t h  (1967) in h a v i n g  no  m u c o u s  
s e c r e t i o n  g r a n u l e s ,  a n d  f r o m  the d a r k  c e l l s  d e s c r i b e d  in  the p r e s e n t  s e r i e s  
of  v i l l o u s  p a p i l l o m a  ( F i g .  181) in  h a v i n g  no l a t e r a l  i n t e r d i g i t a t i o n s  o r  
i n t r a c y t o p l a s m i c  v a c u o l e s .  T h e s e  l i g h t  and  d a r k  c e l l s  m o s t  p r o b a b l y  
r e p r e s e n t  d i f f e r e n t  d e g r e e s  of n e o p l a s t i c  d i f f e r e n t i a t i o n  (L in  e t  a l ,  1969).
The  n e o p l a s t i c  c e l l s  of w e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  co jon ic  
c a r c i n o m a  ( F ig .  203) a r e  in  m a n y  r e s p e c t s  s i m i l a r  to t h o s e  of p r i m a r y  
w e l l  d i f f e r e n t i a t e d  c o lo n ic  c a r c i n o m a  ( F i g .  190). The  s a m e  c o r r e s p o n d e n c e
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i s  s e e n  w ith  the u n d ifferen t ia ted  c e l l s  o f  the lo w e r  one th ird  of the  
co lo n ic  cry p t  (F ig .  65 ).  One ap parent d if fe r e n c e  b e tw een  the c a s e s  of 
p r im a r y  and of m e ta s ta t ic  co lo n ic  c a r c in o m a  e x a m in ed  h e r e  w as  the 
a b s e n c e ,  fr o m  the s e c o n d a r y  d e p o s it s  of the doughn ut-like  in c lu s io n s  
and the n etw ork  of tubular s t r u c tu r e s  w h ich  o c c u r r e d  in  the p r im a r y  
s i t e .
C a s e s  of m e ta s ta t ic  r e c ta l  c a r c in o m a  a l s o  show ed  the n u c le a r  
and c y to p la s m ic  in c lu s io n s  d e s c r ib e d  ab ove  in  p r im a r y  r e c ta l  tu m o u r s .  
T h is  i s  in  c o n tr a s t  w ith  m e ta s ta t ic  g a s t r ic  c a r c in o m a ,  w h ich  did not 
d is p la y  the d is t in c t iv e  in tr a n u c le a r  c o i le d  in c lu s io n s  ty p ica l  of p r im a r y  
tu m o u r s .  The z ig n if ic a n c e  of th e se  in c lu s io n s  i s  d i s c u s s e d  la t e r  under  
a se p a r a te  h ead in g .
F in a l ly ,  the s m a l l  s p h e r ic a l  m e m b r a n e - l im i t e d  v e s i c l e s  found 
b e tw e e n  the m ic r o v i l l i  o f  co lo n ic  tu m o u r s ,  a r e  id en t ic a l  to th ose  s e e n  
in  n o r m a l  co lo n ic  m u c o s a l  c e l l s .  A lthough  th e ir  s ig n if ic a n c e  i s  quite  
unknown, su ch  v e s i c l e s  are  p a r t ic u la r ly  n u m ero u s  in  m e ta s ta t ic  co lo n ic  
c a r c in o m a  (F ig .  204).  The o c c u r r e n c e  of th e se  v e s i c l e s  a l s o  in  
in te s t in a l  type of g a s t r ic  c a r c in o m a ,  r e n d e r s  th em  n o n sp e c if ic  and of  
l i t t le  d ia g n o s t ic  va lu e  a s  to the o r ig in  o f  tu m o u r s .
5. N u c le a r  and c y to p la s m ic  in c lu s io n s  in  n o r m a l and m align an t
c e l l s  in  the hum an a l im e n ta r y  can a l
N u c le a r  b o d ie s  have a lr e a d y  b e e n  d e s c r ib e d  in  v a r io u s  o th er  
s itu a t io n s  in  both n o r m a l (B uttner  and H orstm an n , 1967 ; K r ish an ,
U zm an  and H e d ley -W h y te ,  1967 ; H e n r y  and P e t t s ,  1969 ; D upu y-C oin ,  
L a z a r ,  K alifa t  and B o u te i l le ,  1972) and a b n o rm a l c e l l s  (R o b ertso n , 1964 ; 
Sw anbeck  and T h y r e s s o n ,  1964 ; B o u te i l le ,  K a lifa t  and D e la r u e ,  1967).  
H is to c h e m ic a l ly ,  th ey  have b een  found to con ta in  r ib o n u c le o p r o te in  
(D upuy-C oin , K alifa t  and B o u te i l le ,  1972) and have b een  p r o p o se d  as  
s i t e s  of p r o te in  s y n th e s i s  (D u p u y-C oin  and B o u te i l le ,  1975) The freq u en t  
o c c u r r e n c e  of n u c le a r  b o d ie s  in  c lo s e  p r o x im ity  to the n u c le o lu s  in  
p a th o lo g ic a l  c e l l s  has s u g g e s te d  so m e  r e la t io n sh ip  b e tw een  the n u c leo lu s  
and the n u c le a r  body (K ie r sz e n m a n n , 1969 ; Sm etana , G yorkey , G yorkey
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and B u sc h ,  1971 ; S o b r in h o -S u m e s  and G o n c a lv e s ,  1974).
The n u c le a r  b o d ie s  d e s c r ib e d  above a r e  m o r p h o lo g ic a l ly  id en t ic a l  
to th o se  p r e v io u s ly  d e s c r ib e d  in  v a r io u s  o th er  s itu a t io n s  (G hadially , 1975) 
It i s  b e l ie v e d ,  fro m  the study of m u lt ip le  s e c t io n s ,  that s o m e  of the  
d if fere n t  m o r p h o lo g ic a l  typ es  of n u c le a r  body d e s c r ib e d  h e r e  and in  
p r e v io u s  r e p o r ts  cou ld  p o s s ib ly  r e p r e s e n t  d if fe r e n t  p la n e s  of s e c t io n  
through a s in g le  b a s ic  s tr u c tu r e .  T h e ir  function  i s  u n c e r ta in  but th e ir  
o c c u r r e n c e  in  n o r m a l c e l l s  s u g g e s t s  that th ey  m a y  p la y  s o m e  p a r t  in  
n o r m a l n u c le a r  m e ta b o l i s m .  T h e ir  m o r p h o lo g ic a l  a l te r a t io n s  in  
n e o p la s ia  m a y  be r e la te d  to c e l lu la r  h y p e r a c t iv i ty .
The o c c u r r e n c e  of m ic r o tu b u le s ,  m ic r o f ib r i l la r  and la t t ic e  
in c lu s io n s  in  hum an c e l l s  s e e m s  to be a r a r e r  ph en om en on . Such  
s tr u c tu r e s  have b een  d e s c r ib e d  in  c e r ta in  p a th o lo g ica l  con d it ion s  of  
hum an n e rv o u s  t i s s u e  (R o b e r tso n  and M a clea n , 1965 ; P e r i e r  and  
V an d erhaegh en , 1967 ; H adfic ld , D av id  and R osen b lu m , 1972), but have  
b een  m o r e  w id e ly  rep o rted  in  o th er  a n im a l s p e c ie s  (C handler , 1966 ; 
C handler and W il l is ,  1966 ; K a r ls s o n ,  1966 ; B o q u is t ,  1969 ; S e ite ,  1970  
S e ite ,  E s c a ig  and C ouineau, 1971 ; G ourantan, 1972 ; N ag l,  1973),  
and in  p lan ts  (E v e r t  and D eshp on d e , 1970 ; W ergin , G rub er and N ew com b  
1970 ; Tanaka and M izunaga , 1974). M ic r o f ib r i l la r  s t r u c tu r e s  in  a n im a l  
c e l l s  have b een  c o n s id e r e d  to be a n o r m a l  com ponent of n u c le i  
(C lattenburg , Singh and M o n tem u rro , 1972) l im ite d  to c e r ta in  c e l l s  o f  
c e r ta in  s p e c ie s  (S ieg esm u n o ,  Dutta and F o x ,  1964).
P e r h a p s  th e ir  o c c u r r e n c e  in  n e o p la s t ic  hum an c e l l s  should  be 
r e g a r d e d  as  an in ap p rop ria te  fo rm a tio n  of o r g a n e l le s  not u s u a l ly  found  
in  n o r m a l  c i r c u m s t a n c e s  in  m an . It i s  of in t e r e s t  that s t r u c tu r e s  
s im i la r  to th o se  d e s c r ib e d  in  the p r e s e n t  in v e s t ig a t io n  have a l s o  b een  
found in  v ir u s - in f e c t e d  c e l l s  (D u b o is -D a lc q  and B u y e s ,  1972 ; B in g en  
and K irn , 1973 ; V e la  and L e e ,  1974 ; B in gen  and K irn, 1975). The  
p o s s ib i l i t y  e x i s t s  that such  in c lu s io n s  in  the c e l l s  o f  r e c ta l  c a r c in o m a  
m a y  r e p r e s e n t  som e v ir a l  p rodu ct.  The in tr a n u c le a r  c o i le d  s tr u c tu r e s  
s e e n  in  g a s t r ic  c a r c in o m a  are  eq u a lly  e n ig m a t ic .  T hey b ea r  no  
r e la t io n s h ip  to any known o r g a n e l le  and have no co u n terp a rt  in  n o rm a l
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s to m a c h .  S im ila r  s t r u c tu r e s ,  h o w e v e r ,  have  b e e n  o b s e r v e d  in  the 
grow in g  oo cy te  of the p r e p u b er ta l  m o u s e  (C houinard, 1973), at a 
p a r t ic u la r  s tage  in  the d if fe r e n t ia t io n  o f  th is  c e l l ,  in  r e la t io n  to  
fu n ction a l h y p e r a c t iv i ty .
F in a l ly ,  i t  r e m a in s  to be s e e n  how  far  the o c c u r r e n c e  of 
in c lu s io n s  su ch  a s  th o se  d e s c r ib e d  above m a y  contribute  to the 
d if fe r e n t ia l  d ia g n o s is  of hum an n e o p la s m a .  The a s s o c ia t io n  of  
p a r t ic u la r  typ es  of in c lu s io n  w ith  tu m o u r s  in  s to m a ch  and la r g e  b ow el  
w as c e r ta in ly  c o n s is te n t  w ith in  the p r e s e n t  s e r i e s .  It i s  im p ortan t  
that su ch  in c lu s io n s  should  be sought s p e c i f i c a l ly  in  the c o u r s e  of any  
u ltr a s tr u c tu r a l  s tu d ie s  o f  hum an n e o p la s ia  i n  o rd er  to a l lo w  the  
a s s e s s m e n t  of th e ir  va lu e  a s  d ia g n o s t ic  p o in te r s .  It i s  not  
in c o n c e iv a b le  that in the future th ere  m ig h t  e m e r g e  th era p eu tic  and  
p r o g n o s t ic  im p l ic a t io n s  of f ind in gs su c h  a s  th e s e .
6. U lt r a c y to c h e m is t r y
In the p r e s e n t  in v e s t ig a t io n ,  c a r b o h y d r a te -r ic h  com pounds and 
a c id  p h o sp h a ta se  a c t iv i ty  w e r e  d e m o n str a te d  in  n o r m a l e p ith e l iu m  and  
in  tu m o u r s  of the hum an a l im e n ta r y  ca n a l.
The fine s tr u c tu r a l  d is tr ib u t io n  o f  ca r b o h y d r a te s ,  in r e la t io n  to  
the n o r m a l sq uam ou s e p ith e l iu m  of hum an o eso p h a g u s ,  w a s  s im i la r  
to  that d e s c r ib e d  in  hum an o r a l  e p ith e l iu m  (H ayw ard and H ackem ann ,
1973) and sk in  (H ash im oto ,  G r o s s ,  N e ls o n  and L e v e r ,  1966).
C arb oh yd rates  w e r e  abundant in  the m e m b r a n e -c o a t in g  g r a n u le s  and on 
the c e l l  m e m b r a n e s  o f  the s u p e r f ic ia l  l a y e r s .  In non k e r a t in is e d  sq uam ou s  
e p ith e l iu m  o f  o e so p h a g u s ,  c a r b o h y d r a te s  w e r e  a l s o  abundant in  the  
c y to p la s m ic  v a c u o le s  of the s u p e r f ic ia l  c e l l s .  T h is  c o r r e s p o n d s  to the  
p r e s e n c e  of g ly c o g e n  w hich  i s  known to o ccu r  h e r e .
A part fro m  the p r e s e n c e  o f  c a rb o h y d ra tes  in  the m e m b r a n e - 
coa tin g  g r a n u le s ,  the n e o p la s t ic  c e l l s  o f  sq u am ou s c a r c in o m a  sh ow ed  
s im i l a r  s ta in in g  p r o p e r t ie s  to the b a s a l  c e l l s  of n o rm a l sq uam ou s  
e p ith e l iu m  of o e s o p h a g u s .  T h e ir  c e l l  m e m b r a n e  did not have the 
ca rb o h y d ra te  - r ic h  com pounds of the s u p e r f ic ia l  c e l l s  of n o rm a l
sq u a m o u s  e p ith e l iu m .
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The su r fa c e  coa t  of n o rm a l and n e o p la s t ic  c e l l s  o f  s to m a ch  and  
co lo n  c o n s is t e n t ly  sh ow ed  p o s i t iv e  carb oh yd rate  s ta in in g ,  s im i la r  to  
that of ca t  (Ito, 1965) and of rat  in te s t in a l  c e l l s  (R om b erg  and L eb lon a ,
1967). The so u r c e  o f  such  c a rb o h y d ra tes  w as  found w ith in  the c e l l s  
(Ito, 1965 ; B ennett ,  L eb lon d  and Haddad, 1974) and r a d io a c tiv e  
g ly c o p r o te in  p r e c u r s o r s  have b e e n  tr a c e d  through G olg i s y s t e m  to the  
su r fa c e  coa t .
C arb ohyd rates  w e r e  a l s o  p r e s e n t  in  the m e m b r a n e - l im it e d  v e s i c l e s  
of the in te s t in a l  type of g a s t r ic  c a r c in o m a  and of co lo n ic  tu m o u r s .  The 
s ig n if ic a n c e  o f  the p r e s e n c e  of c a r b o h y d ra tes  in  th e se  v e s i c l e s  i s  o b scu re  
a s  i s  the nature of the v e s i c l e s  t h e m s e lv e s .  The e x a c t  nature of 
d ou ghn ut-like  in c lu s io n s  of co lo n ic  c a r c in o m a  i s  a l s o  unknown. The 
p r e s e n c e  o f  p o s i t iv e  carb oh yd rate  s ta in in g  in  th e s e  in c lu s io n s  m ig h t  
s u g g e s t  a s e c r e t o r y  fun ction  ra th er  than a v ir a l  o r ig in  (M u e lle r ,
M en efee  and Iv ler ,  I9 6 0 ) .
C arb ohyd rates  w e r e  a l s o  d e m o n str a te d  in m u co u s  s e c r e t io n  
g r a n u le s  o f  g a s t r ic  m u co u s  c e l l s  and g a s t r ic  c a r c in o m a , but not in  
m u co u s  g r a n u le s  o f  co lo n ic  g o b le t  c e l l s .  T h is  i s  p erh a p s  re la te d  to  the 
type o f  m u c o u s  su b sta n ce  p r e s e n t  in th e se  lo c a t io n s  (L ev , 1965 ;
M akela , K orhonen and L i l iu s ,  1971).
The n u m ero u s  s m a l l  h o m o g en eo u s  and la r g e  h e te r o g e n e o u s  
m e m b r a n e - l im it e d  d e n se  in c lu s io n s  of the n o r m a l e p ith e l ia l  and n e o p la s t ic  
c e l l s  o f  hum an a l im e n ta r y  canal s tud ied  in  the p r e s e n t  w o rk  w e r e  found  
to be l y s o s o m e s ,  s in c e  they  show ed  a c id  p h o sp h a ta se  a c t iv i ty .  No  
s ig n if ic a n t  d i f f e r e n c e s  w e r e  s e e n  b e tw e e n  the d if fe r e n t  l y s o s o m e s  of  
n o r m a l and n e o p la s t ic  c e l l s .
In n o r m a l  sq u am ou s  ep ith e l iu m  and in  squam ou s c e l l  c a r c in o m a  
of hum an o e so p h a g u s ,  n o n - ly s o s o m a l  a c id  p h o sp h a ta se  a c t iv i ty  w as  
p r e s e n t  in  the in te r c e l lu la r  s p a c e s  and on the c e l l  m e m b r a n e .  A c id  
p h o sp h a ta se  a c t iv i ty  in  in t e r c e l lu la r  s p a c e s  and on the c e l l  m e m b r a n e  
h as a l s o  b e e n  rep o r te d  in  k e r a t in is e d  e p ith e l iu m  of m o u s e  tongue  
(W ein sto ck  and W ilg ra m , 1970). S ince th e se  au th ors  a l s o  found a c id  
p h o sp h a ta se  a c t iv i ty  in  m e m b r a n e -c o a t in g  g r a n u le s  and in  the G olg i
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a p p a r a t u s  of k e r a t i n i s e d  e p i t h e l i u m ,  t h e y  s u g g e s t e d  t h a t  the e n z y m e  
i s  p r o d u c e d  in  the G olg i  s y s t e m  an d  c a r r i e d  by  m e m b r a n e - c o a t i n g  
g r a n u l e s  in to  the i n t e r c e l l u l a r  s p a c e s  to  be  in v o lv e d  in  the  
d e s q u a m a t i o n  of c e l l s  of s t r a t u m  c o r n e u m .  A c id  p h o s p h a t a s e  a c t i v i t y  
i n  the  p r e s e n t  s tu dy ,  h o w e v e r ,  w a s  no t  s e e n  e i t h e r  in  m e m b r a n e -  
c o a t in g  g r a n u l e s  o r  in  the  G olg i  s y s t e m  of n o r m a l  e p i t h e l i u m  o r  of 
s q u a m o u s  c a r c i n o m a  of o e s o p h a g u s .  T h e  p r e s e n t  o b s e r v a t i o n s  th us  
c o n f l i c t  w i th  the w o r k  of W e i n s t o c k  an d  W i l g r a m  (1970),  bu t  l e a v e  
u n r e s o l v e d  the q u e s t i o n  of the o r i g i n s  of  i n t e r c e l l u l a r  a c i d  p h o s p h a t a s e  
a c t i v i t y .
F i n a l l y ,  x - r a y  m i c r o a n a l y s i s  h a s  ccr .f;  ed  the p r e s e n c e  of  s i l v e r
d e p o s i t s  i n  the r e a c t i o n  p r o d u c t  of the  c a r b o h y d r a t e  s t a i n in g ,  and  l e a d  
d e p o s i t s  in the  r e a c t i o n  p r o d u c t  of  a c i d  p h o s p h a t a s e  p r e p a r a t i o n s .  The 
e a s e  w i th  w h ic h  s u c h  h i s t o c h e m i c a l  r e a c t i o n  p r o d u c t s  c a n  be d e t e c t e d  
w i t h  th i s  a p p a r a t u s  r a i s e s  the  p o s s i b i l i t y  of f u t u r e  a p p l i c a t i o n s  of 
m i c r o a n a l y s i s  in  h i s t o c h e m i s t r y .  In t h e o r y ,  a t  l e a s t ,  a n y  e l e m e n t a l  
r e a c t i o n  p r o d u c t  w i th  a t o m i c  n u m b e r  g r e a t e r  t h a n  10 i s  a m e n a b l e  to 
m i c r o a n a l y t i c a l  s tu d y ,  i r r e s p e c t i v e  of i t s  e l e c t r o n  s c a t t e r i n g  p o t e n t i a l ,  
a n d  thus  i t s  e l ec t ro n ,  c o n t r a s t .  T h i s  w i l l  p r o v e  a  f r u i t f u l  f i e ld  f o r  
f u r t h e r  s tu d y .
C H A PT E R  T E N
CONCLUSIONS
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In it s  in it ia l  con cep t,  the sco p e  o f  th is  in v e s t ig a t io n  w as v e r y  
w id e .  In p r a c t ic a l  t e r m s ,  the l im i t s  w e r e  s e t  by t im e  and by the  
a v a i la b i l i ty  of su itab le  t i s s u e s .  In a l l ,  129 n e o p la s m s  and 39 s a m p le s  
of n o r m a l  t i s s u e  w e r e  stud ied  in  d e ta i l .  N u m e ro u s  b lo ck s  w e r e  
se c t io n e d  and ex a m in e d .  The p e r m a n e n t  r e c o r d ,  am ounting  to  n e a r ly  
5000 n e g a t iv e s ,  u n d e r s ta te s  the d e ta i led  sc r u t in y  to  w h ich  e a c h  c a s e  
w as su b jec ted , s in ce  in m an y  in s ta n c e s  f e a tu r e s  a lr e a d y  r e c o r d e d  
p h o to g r a p h ic a l ly  in  one c a s e  w e r e  m e r e l y  noted, w ithout photography,  
in  su b seq u en t  e x a m p le s  of that tu m our . C on seq u en tly , m an y  h o u rs  of  
s c r e e n in g  w e r e  often r e p r e s e n te d  by on ly  a handful of m ic r o g r a p h s .  
The n u m ero u s  o b se r v a t io n s  m ad e  in  the c o u r s e  o f  th is  w ork  have  
a lr e a d y  b een  s e t  down in the p r e c e d in g  c h a p te r s .  In co n c lu s io n ,  
h o w e v e r ,  the fo llo w in g  po in ts  have b e e n  s e le c t e d  a s  b e in g  of p a r t ic u la r  
in t e r e s t ,  and p erh ap s  w orth y  of fu r th er  study.
1. L a n g erh a n s  C e l l s .  T h e s e  c u r io u s  c e l l s ,  show n h e r e  to  be 
n o r m a l  inhabitants  of the hum an o eso p h a g e a l  m u c o s a ,  a r e  s t i l l  
u n exp la in ed . It w ould  be o f  in t e r e s t  to  a ttem p t to define th e ir  function  
and to in v e s t ig a te  p o s s ib l e  v a r ia t io n s  u n d er  e x p e r im e n ta l  and  
p a th o lo g ic a l  con d it ion s , such  a s  in  in f la m m a to r y  d i s e a s e  and fo llo w in g  
e x p e r im e n ta l  trau m a and e x p o s u r e  to c a r c in o g e n ic  a g e n ts .  T h e ir  
o b s e r v e d  o c c u r r e n c e  in sq u am ou s  c a r c in o m a  r e f l e c t s  the b a s ic  a ff in ity  
of th e s e  c e l l s  for  t i s s u e s  u n dergo in g  sq u am ou s  d if fere n t ia t io n .
2. I n tr a c y to p la s m ic  D e s m o s o m e s . The o c c u r r e n c e  of th e se  
s p e c ia l i s a t io n s  in n o r m a l hum an o eso p h a g u s  w a s  not h ith er to  r e c o r d e d ,  
and th e ir  p r o m in e n c e  in  sq u am ou s c a r c in o m a  w as  of in t e r e s t ,  a lthough  
a lr e a d y  d e s c r ib e d  in  c e r ta in  c i r c u m s t a n c e s .  Of g r e a te r  in t e r e s t  w a s  
th e ir  u n ex p ected  r e g u la r  a p p ea ra n ce  in  m e ta s ta t ic  s ig n e t - r in g  c e l l  
c a r c in o m a  of s to m a ch .  S ince th is  s p e c ia l i s a t io n  m a y  r e f l e c t  d e fe c t iv e  
c e l lu la r  a d h e s io n  m e c h a n is m s ,  i t s  fu r th er  study m ig h t  c o r r e la t e  w ith
b e h a v i o u r a l  d i f f e r e n c e s  b e t w e e n  c e r t a i n  n e o p l a s m s .  It w ou id
be  of i n t e r e s t  to a t t e m p t  q u a n t i t a t i o n  of th i s  f e a t u r e  in  d i f f e r e n t  c a s e s ,
r e l a t i n g  the  r e s u l t s  to c l i n i c a l  p a r a m e t e r s .
3. N u c l e a r  a n d  C y t o p l a s m i c  I n c l u s i o n s . A l th o u g h  t h e i r  
s i g n i f i c a n c e  r e m a i n s  o b s c u r e ,  the  wide  v a r i e t y  of i n c l u s i o n s  d e s c r i b e d  
i n  t h e s e  d i f f e r e n t  t u m o u r s  d e s e r v e s  m o r e  d e t a i l e d  i n v e s t i g a t i o n .  T h e  
o c c u r r e n c e  of c e r t a i n  i n c l u s i o n s  in  t u m o u r s  a r i s i n g  on ly  in  p a r t i c u l a r  
a n a t o m i c a l  s i t e s  r a i s e s  the p o s s i b i l i t y  t h a t  s p e c i f i c  u l t r a s t r u c l u r a l  
m a r k e r s  m i g h t  b e c o m e  a v a i l a b l e  to a s s i s t  in  the d e t a i l e d  d i f f e r e n t i a l  
d i a g n o s i s  t u m o u r s .  T h i s  p o s s i b i l i t y  cou ld  on ly  be  p r o p e r l y
a s s e s s e d  in  the l i g h t  of a  m u c h  l a r g e r  s e r i e s  of n e o p l a s m s .
4. Non l y s o s o m a l  a c i d  p h o s p h a t a s e .  The  o c c u r r e n c e  of  
e x t r a c e l l u l a r  a c i d  p h o s p h a t a s e  a c t i v i t y  in  o e s o p h a g e a l  s q u a m o u s  m u c o s a  
a n d  in  s q u a m o u s  c a r c i n o m a  i s  u n e x p l a i n e d .  F u r t h e r  s tu d y  of th i s  e n z y m e  
a c t i v i t y  w ou ld  be of  i n t e r e s t ,  in  a.n a t t e m p t  to d e f in e  i t s  s o u r c e  an d  i t s  
s i g n i f i c a n c e .
5. D a r k  C e l l s  of V i l l o u s  P a p i l l o m a .  It w o u ld  be of  i n t e r e s t  to 
e x p l o r e  the  p o s s i b l e  r e l a t i o n s h i p  oi t h e s e  c e l l s  to f lu id  a n d  e l e c t r o l y t e  
t r a n s p o r t ,  a s  s u g g e s t e d  by t h e i r  u l t r a s t r u c t u r a l  f e a t u r e s .  Q u a n t i t a t i v e  
m e a s u r e m e n t s  of t h e i r  o c c u r r e n c e  c o u ld  be c o r r e l a t e d  w i th  
b i o c h e m i c a l  f ind ings  in  p a r t i c u l a r  c a s e s .  S h o r t  t e r m  t i s s u e - c u l t u r e  
s t u d i e s  co u ld  a l s o  be of i n t e r e s t .
6. X - r a y  A n a l y s i s  in  C y t o c h e m i s t r y .  T h i s  new  te c h n iq u e  i s  a t  
p r e s e n t  l i m i t e d  in i t s  a p p l i c a t i o n  to o io lo g ic a l  p r o b l e m s .  It i s  a t  i t s  
m o s t  e f f e c t i v e  in  the p r e c i s e  i d e n t i f i c a t i o n  a n d  l o c a l i s a t i o n  of s p e c i f i c  
e l e m e n t s  in  h ig h  c o n c e n t r a t i o n ,  s u c h  a s  in  c y t o c h e m i c a l  r e a c t i o n  
p r o d u c t s .  T h e  e a s e  w i th  w h ic h  th i s  w a s  a c c o m p l i s h e d  in  the p r e s e n t
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study  s u g g e s t s  that w id e r  a p p lic a t io n s  of th is  technique should  be 
lo o k ed  fo r  in  the f ie ld  of c y to c h e m is t r y .  In th eory ,  for e x a m p le ,  
X - r a y  a n a ly s i s  could  d is c r im in a te  b e tw e e n  two d if fere n t  r e a c t io n  
p ro d u cts  in  the sa m e  t i s s u e ,  and cou ld  id en t ify  the p r e s e n c e  of  
co n c e n tr a t io n s  of e le m e n ts  w ithout the n eed  for  e le c t r o n  d en se  
d e p o s i t s .
In c o n c lu s io n ,  it  i s  c l e a r  that th is  t h e s i s  r e p r e s e n t s  a p o s s ib le  
s ta r t in g  point fo r  m a n y  fu r th er  s tu d ie s .  It i s  hoped  to p u rsu e  so m e  
of th e s e  in  su bseq u en t w ork .
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Figure 1. Basal cells of tiquamous mucosa. Notice the 
distinct intercellular spaces ( s )  and the nuclear bodies 
(arrows). The cells are separated by a lamina densa 




Figure 2. Base of squamous mucosa, showing basal lamina (b ) 
and hemidesmosomes (h ). Numerous free ribosomes are seen 
in the cytoplasm, "-■>_
Magnification 40000.
Figure 3* Intermediate zone of squamous mucosa, showing 
the typical appearance of the cells and their inter­
relationships. Prominent desmosomes are seen (D), with 
associated tonofilaments.
M a g n ifica tio n  11040.

NORMAL HUMAN OESOPHAGUS
Figure 4* Several typical desmosomes (l>) with associated 
tonofilaments. An intracytoplasmic desmosome (arrow) 
lies in association with other tonofilament aggregates. 
Notice the Golgi system, (G)•
Magnification 39000.
Figure 5. Rudimentary cilium originating in a basal body 
and projecting i n t o  a pocket at the cell surface.
Magnification 6725O.
Figure 6. Transverse section of a rudimentary cilium in 
the intercellular space, between squamous cells- Notice 
that only six peripheral components are seen instead of 
the usual nine.
M a g n ifica tio n  84000.
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Figure 7» Superficial zone of squamous mucosa, showing 
retained nuclei and diffuse cytoplasmic tonofilaments*
Magnification 10750* '
Figure 8 . Surface of squamous mucosa, showing flattened 
cells with diffuse tonofilamentous contents and residual 
desmosomes (L). Note the prominence of tonofilaments 
and the asymmetrical thickening of the cell membrane.
M a g n i f i c a t io n  68250 .
Figure 9. High magnification of the cell membrane of 
the cells of the superficial zone of squamous mucosa.
The inner lamina shows a pronounced linear thickening, 
gi ving an asymmetrical appearance to the cell surface. 
Wisps of extracellular cell coat material can be made out, 
adhering to the outer lamina.
M a g n ific a tio n  199250
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NORMAL HUMAN OESOPHAGUS
Figure 10. ’’Membrane-coating granules” of upper
intermediate zone of the Graces a. Notice the trilaminar 
limiting membrane, pale halo and dense core.
Magnification 143460.
Figure 11. Two membrane-coating granules are seen. 
Notice the lamellation in the larger one, an appearance 
reminiscent of the granules of keratinising squamous 
epithelium.
Magnification 155000.
Figure 12. Membrane-coating granule discharging its
dense contents into the intercellular space by a process 
of exocytosis.
Magnification 155000.
Figure 13* Carbohydrate stain indicates the presence 
of a positive staining component in the halo of the 
membrane-coating granules. Note the presence of 
glycogen granules (arrows).
M a g n ifica tio n  70600.
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NORMAL HUMAN OESOPHAGUS
Figure 14* Carbohydrate stain to demonstrate the cell
coat. Note the presence of glycogen granules (arrows).
Magnification 93200.
Figure 15. Carbohydrate 3tain indicates the presence of
masses of glycogen in the cytoplasmic vacuoles of the
superficial cells.
Magnification 11040.
Figure 16. Carbohydrate stain to demonstrate glycogen 
granules in the intracytoplasmic spaces of the superficial 
cells. Notice unstained nucleus (N) and mitochondria (m ).
M a g n ifica tio n  18200.
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NORMAL HUMAN OESOPHAGUS
F igure 17* Acid phosphatase a c t i v i t y .  A co a rse  granular  
e le c tr o n  dense d e p o s it  o f  le a d  phosphate l i e s  in  the  
in t e r c e l lu la r  sp aces o f  th e  normal squamous mucosa o f  
oesophagus.
M a g n ifica tio n  8400.
F igure 18. Acid phosphatase a c t i v i t y .  Dense d e p o s it  o f  
lea d  phosphate on th e c e l l  membrane. N ote the absence o f  
r e a c t io n  product from membrane-coating granu le (a rro w )•
Magnification 1165OO.
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SUBMUCOSAL GLANDS OF OESOPHAGUS
F igure 19 . The ty p ic a l  b u lg in g  su rfa ce  o f  the p r in c ip a l  
c e l l s  i s  shown, w ith  two o f  the p a le  mucus g ran u les  
undergoing d isch a rg e  in to  th e  lumen. Only sca n ty  sh o rt  
m ic r o v i l l i  are  se e n .
M a g n ifica tio n  13800.
F igure 20 . The b a ses  o f  two a c in i  are shown w ith  in t e r ­
ven in g  co n n ectiv e  t i s s u e .  N o tice  the p r in c ip a l c e l l s  
w ith  mucous gran u les (G ), e la b o r a te  granular endoplasm ic  
reticu lu m  and m itochondria . N o tice  th e  "duplex" in c lu s io n  
(D ). P arts o f  two m y o e p ith e lia l c e l l s  (M) are ‘se e n ,  
sandwiched between the p r in c ip a l c e l l s  and the b a sa l lam ina.
M a g n ifica tio n  17500.

SUBMUCOSAL GLANDS OF OESOPHAGUS
F igure 21« Two ag g reg a tes  o f  in tra m ito ch o n d ria l 
tu b u lar  in c lu s io n s  a re  seen  in  a p r in c ip a l c e l l .  N o tice  
b oth  the lo n g itu d in a l (L) and tra n sv erse  s e c t io n s  ( t ) 
o f  th e se  m icro tu b u les.
M a g n ifica tio n  39000*
F igure 22 . A "duplex** in c lu s io n  in  a p r in c ip a l c e l l ,  
c o n s is t in g  o f  f ilam en tou s m a ter ia l w ith  a s in g le  v a cu o le . 
N ote the surrounding granular endoplasm ic re ticu lu m .
M a g n ifica tio n  322EO.
F igure 23 . P r in c ip a l c e l l s  a re  id e n t i f i e d  by t h e ir  
empty g ra n u les . Two su b s id ia r y  c e l l s  are seen , one 
w ith  homogenous gran u les and one w ith  no g r a n u le s .
The lumen i s  shown (L ).
M a g n ifica tio n  14000.

SUBMUCOSAL GLANDS OF OESOPHAGUS
F igure 24. A fu r th e r  su b s id ia r y  c e l l  type in  the  
submucosal gland i s  id e n t i f i e d  by i t s  heterogenous  
g ra n u les  and i t s  numerous cytop lasm ic f i la m e n ts .
M a g n ifica tio n  31200.
F igure 25* Two "duplex" in c lu s io n s  are shown in  a 
p r in c ip a l c e l l .  N o tice  the absence o f v a cu o le s  in  cna 
o f  them.
M a g n ifica tio n  51250.
F igure 26. Another p a ir  o f  su b s id ia ry  c e l l s  w ith  no 
s e c r e t io n  g r a n u le s . The p r in c ip a l c e l l  i s  id e n t i f i e d  
by i t s  empty g r a n u le s . The lumen i s  shown (L ) .
M a g n ifica tio n  14000.

SUBMUCOSAL GLANDS OF OESOPHAGUS
F igure 27« The b a ses  o f  two gland a c in i  are  shown with  
in terv e n in g  b on n ective  t i s s u e .  N ote the p r in c ip a l c e l l s  
w ith  empty g ran u les and e la b o r a te  granular endoplasm ic  
reticu lu m  and G olg i system  (G ). A m y o -e p ith e lia l c e l l  i s
's
seen  (M) a t  th e  a c in a r  b a se . One desmosome (arrow ) i s  
shown between t h is  c e l l  and the o v er ly in g  p r in c ip a l c e l l .
M agn ifica tion  11040#

SUBMUCOSAL" GLANDS OF OESOPHAGUS
Figure 28. Junction of acinus and duct. A principal 
cell (P), a subsidiary cell (s) and an oncocyte (0) can 
be identified by their distinctive features.
Magnification 11040.

SUBMUCOSAL GLANDS OP OESOPHAGUS
Figure 29. Oncocyte, showing numerous mitochondria and
a small Golgi system (G). The adjacent oncocytes are 
connected by desmosomes.
Magnification 18200.
Figure 30« Unmyelinated nerves in the connective tissue 
of the submucosal glands. Note the acinar base, (arrow) 
with its basal lamina.
Magnification 22750*
Figure 31« Part of an oncocyte, showing the structure of 
the mitochondria and small dense bodies.
Magnification 17500.

SUBMUCOSAL GLANDS OF OESOPHAGUS
Figure 32. Cuboidal epithelium of a small duct, 
adjacent to an acinus.
Magnification 13000.
Figure 33* Two-layered epithelium of a larger duct. 




LANGERHANS CELLS OF OESOPHAGUS
Figure 34» A typical Langerhans cell in the human 
oesophageal mucosa, Lesmosomes are seen between 
adjacent cells but not between the Langerhans c e l l  and 
it3 neighbours. The Tealures of this cell include a 
centriole and Golgi complex (G), granular endoplasmic 
reticulum and dense inclusions. The typical Langerhans 
granules are just detectable at this magnification (arrows).
Magnification 17250.
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LANGERHANS CELLS OF" OESOPHAGUS
Figure 35» The typical Langerhans cell granules are 
barely seen (arrow) at this magnification, which serves, 
however, to emphasise the dendritic nature of the cell. 
There are several processes (P) which lie separate from 
the perikaryon in this plane of section.
Magnification 21000.

LANGERHANS CELLS OF OESOPHAGUS
Figure 36. High magnification micrograph of Langerhans 
granules, showing their characteristic internal structure
Magnification 67250#
Figure 37. Part of a rather poorly differentiated 
Langerhans cell, showing the continuity of the 
characteristic granule (arrow) w ith the cell surface, 
suggesting an origin by invagination. The desmosome 
seen links adjacent squamous cells.
Magnification 32250.
Figure 38> This micrograph is a deeper plane of section 
from the area shown in Figure 39* Notice the variations 
in the disposition and shape of the Langerhans granules 
(arrow).
Magnification 39000.
Figure 39. Higher magnification micrograph of the 
centriolar region from the cell shown in Figure 34*
The Golgi complex has numerous associated vesicles.
The mitochondria are undistinguished. Several 
Langerhans granules are present, some showing the 
terminal vacuolar dilatations which are termed "tennis 
racket" structures (arrow)•
M a g n ifica tio n  39000.

LANGERHANS CELLS OF OESOPHAGUS
Figure 40* A relatively poorly differentiated Langerhans 
cell with a single mitochondrial profile and little 
cytoplasmic organisation. Two typical Langerhans granules 
are present (arrows).
Magnification 12900.
Figure 41» A poorly differentiated Langerhans cell with 
two mitochondrial profiles, a long cytoplasmic process and a 
segmented nucleus having two nucleoli. One Langerhans 
granule is barely seen (arrow). Compare this figure with 
Figure 43*
M a g n ifica tio n  13800.
•Mkklt’.jliCf
LANGERHANS CELLS OF OESOPHAGUS
Figure 42. A typical lymphocyte from the oesophageal 
mucosa, showing the characteristic lack of cytoplasmic 
organization. Two mitochondria are seen.
Magnification 13800.
Figure 43» In the absence of Langerhans granules, the 
identity of this cell cannot be confidently established, 






Figure k6. Chief cell, human stomach. The cell has a basally 
situated1 nucleus and an apical and supranuclear aggregate 
of secretion granules.
Magnification 6000
Figure 4-7# Gastric gland, human stomach. The cytoplasm, 
of the parietal cell shown in this micrograph contains 
numerous mitochondria, profiles of sections through the 
canaliculus, tubulvesicles and dense bodies.
M a g n if ic a t io n  6?20

NORMAL HUMAN STOMACH
Figure 48. Tubulovesicles of parietal cell, human stomach.
The central "inclusion" seen within many of these smooth- 
walled vesicles appears at two points to he continuous 
(arrows) with the cytoplasm, being in fact an invagination of 
cytoplasm into the lumen of the vesicle.
Magnification 27300.
Figure 49* Endocrine cell, human stomach. Basal region of 
gastric endocrine cell is shown, including the lower pole of the 
nucleus. Mitochondria, scattered cistemae of granular 
endoplasmic reticulum, and ribosomes are seen between the round 
secretion granules.
Magnification 13800.
Figure 50* Mucous neck cells, human stomach. Eccentrically 
placed dark areas are seen in some secretory granules.
M a g n ifica tio n  13800.

NORMAL HUMAN STOMACH
Figure 51 • Carbohydrate staining of the gastric mucous cells 
The granules are strongly positive.
Magnification 13800
Figure 52. Carbohydrate staining of the gastric mucous cells 
Note the fine granular deposits in the lumen(L)» the 
deposit-free zone(F) and the inconspicuous fuzzy coat.
M a g n if ic a t io n  22750

NORMAL HUMAN STOMACH
Figure 53* Human stomach. Some of the dense inclusions 
seen in the cytoplasm of parietal cells show lamellation.
Magnification 13800.
Figure 54. Gastric chief cells, human stomach. Small 
homogenous and large heterogenous dense inclusions are 
seen.
Magnification 22750.
Figure 55* Acid phosphatase preparation. Acid 
phosphatase activity is localised in the small dense bodies 
and in the periphery of the lamellated inclusions of the 
parietal cell of human stomach.
M a g n ifica tio n  17500.

NORMAL HUMAN STOMACH
Figure 5 6 .Acid phosphatase activity is seen in the small 
dense bodies of gastric mucous cells.
Magnification 39000
Figure 57« Acid phosphatase activity is localised in two 
small bodies of chief cell of gastric mucosa.
Magnification 22750
Figure 58. A large heterogeneous dense body showing acid 
phosphatase activity, in the gastric chief cell.
Magnification 22750
Figure 59* Acid phosphatase activity in heterogeneous and 
lamellated inclusions in parietal cell of gastric mucosa.
M a g n if ic a t io n  22750

NORMAL HUMAN COLON
F i g u r e  6 0 .  C o l o n i c  e p i t h e l i u m ,  human c o l o n .  The a p i c a l  
r e g i o n  o f  a  g o b l e t  and an  a b s o r p t i v e  c e l l  i s  s e e n .  
T h ere  a r e  s m a l l  v a c u o l e s  i n  t h e  a p i c a l  c y t o p la s m  
o f  t h e  a b s o r p t i v e  c e l l
M a g n i f i c a t i o n  17250

NORMAL HUMAN COLON
F i g u r e  6 1 .  C o l o n i c  e p i t h e l i u m ,  human c o l o n .  S e v e r a l  g o b l e t  
c e l l s  a r e  sh ow n . N ote  t h e  c h a r a c t e r i s t i c  f e a t u r e s  o f  g o b l e t  
c e l l s ,  i n c l u d i n g  t h e  d i s t e n d e d  a p i c a l  c y t o p la s m  and th e  
n u c l e u s  p u s h e d  to w a r d s  t h e  b a s e  by t h e  a c c u m u la t e d  
m ucus m a s s .
M a g n i f i c a t i o n  3 6 0 0
F i g u r e  62* C o l e n i c  e p i t h e l i u m ,  human c o l o n ,  p a r t s  cdt a b s o r p t i v e  
and g o b l e t  c e l l s  ' a r e  sh ow n . T here  a r e  s m a l l  o v a l  and 
rou n d  m e m b r a n e - l im i te d  d e n s e  i n c l u s i o n s  i n  t h e  c y t o p la s m  
o f  b o t h  c e l l s .
M a g n if ic a t io n  17500

NORMAL HUMAN COLON
Figure 6 3* Colonic crypt, human colon* Apical region of lov/er 
one third ©f the colonic crypt, showing vacuolated apical 
cytoplasm* There are small round vesicles between and 
distal to the microvilli.
Magnification 17500
Figure 6*f. Colonic crypt, human colon* The lower parts of the 
cells of the colonic crypt, showing the lateral interdigitations 
and the basal aggregates of mitochondria.
Magnification 10750
m>





Figure 6 5. Colonic crypt, human colon. Immature cells of







Figure 66. Acid phosphatase activity is localised in
the small dense inclusions of colonic goblet cells.
Magn ification 17500. . *
Figure 67. A cid  phosphatase activity in a dense inclusion 
i n  the absorptive cell of colon.
Magnification 21000.
Figure 68. Acid phosphatase activity in the small dense
bodies in colonic goblet cells.
Magnification 21000.
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SQUAMOUS CARCINOMA OF OESOPHAGUS
Figure 6 9* The histological pattern of a typical case of well 




Figure 70. Squamous cell carcinoma, human oesophagus.
The cells have a cytoplasmic matrix of moderate density 
and large nuclei. Note the binucleate cell and the intact 
basal lamina (arrows).
Magnification 8*f00
m m w m m
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SQUAMOUS CARCINOMA OF OESOPHAGUS
Figure 71. "Membrane-coating granule" of squamous cell
carcinoma of oesophagus. Note the limiting membrane, 
pale halo and dense core.
Magnification 124000.
j
Figure 72. Carbohydrate stain shows the presence of <x 
positive staining component in the membrane-coating 
granules of squamous cell carcinoma.
.I
Magnification H 65OO.
Figure 73* Squamous cell carcinoma of oesophagus. The 
neoplastic cells are irregular in outline and have large 
nuclei. Notice the peripheral location of the nucleoli 
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SQUAMOUS CARCINOMA OF OESOPHAGUS
Figure 74» Squamous cell carcinoma of oesophagus.
Bulbous protrusion is shown, extending from a tumour cell 
into the intercellular space. This protrusion is devoid 
of tonofilaments and is not attached by desmosomes to 
adjacent cells. '
Magnification 8600. 1 /
!
Figure 75* The large nucleus of a cancer cell is seen to 
have two prominent nucleoli which lie in contact with the 
apices of two invaginating cytoplasmic channels.
Magnification 14000.
Figure 76. Another large nucleus of a cancer cell is shown 
to contain two prominent nucleoli. Notice the island of 
cytoplasm which In apparently stranded within the centre of 
the nucleus, but which no doubt communicates with the nuclear 
surface at a different level.
Magnification 10750*
V p i # *
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SQUAMOUS CARCINOMA OF OESOPHAGUS
Figure 77» The dark and light cells of squamous cell carcinoma
of oesophagus are shown. The dark cell has a dark nucleus while
the light cell has a much paler nucleus. Notice the more
numerous tonofilaments in the dark cell. The increased density,
* / 
however, is largely due to the more numerous ribosomes as
well as to a generally increased density of the cytoplasmic
matrix.
Magnification 12900
Figure 78. An iiatracytoplasmic desmosome(arrow) is shown.
Notice • the widened intercellular space(S) and the absence 
of intercellular adhesion at that point. The lamination 
pattern of the intracytoplasmic desmosome is identical 
to that of a conventionally situated desmosome. Notice 
the associated tonofilaments around the desmosome.
M a g n if ic a t io n  32500

SQUAMOUS CARCINOMA OF OESOPHAGUS
Figure 79» Squamous cell carcinoma of human oesophagus.
Intracytoplasmic desmosomes (c) are seen surrounded by 
dense masses of tonofilaments in the cells of the 
epithelial pearl. Notice the intercellular desmosome(D) 
connecting adjacent cells. . *
Magnification 39000.
Figure 80. Numerous pseudopodial cytoplasmic protrusions(p) 
extend from this cancer cell into the adjacent stroma (s). 
Notice the absence of any coherent basal lamina at the 
interface.
Magnification 10750.
Figure 81. Cell from the epithelial pearl of squamous cell
carcinoma. The cell has a pyknotic nucleus. Randomly
oriented tonofilaments form large cytoplasmic bundles and 
also appear within the nucleus.
M a g n ifica tio n  26000.
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SQUAMOUS CARCINOMA OF OESOPHAGUS
F igure 82. Two- in tra cy to p la sm ic  desmosomes o f  squamous 
c e l l  carcinoma o f  oesophagus, t i l t e d  +45°• They are not 
continuous w ith  th e c e l l  su r fa ce  or any e x te n s iv e  membranes.
M a g n ifica tio n  107500.
F igure 83 . The same in tra cy to p la sm ic  desmosomes in  
F igure 82 u n t i l t e d .
M a g n ifica tio n  107500.
F igure 64 . The in tra cy to p la sm ic  desmosomes o f  F igure 82 
t i l t e d  -  45°* A gain no c o n t in u ity  w ith  c e l l  surface i s  
se e n .
M a g n ifica tio n  107500.

SQUAMOUS CARCINOMA OF OESOPHAGUS
Figure 85* T onofilam ents w ith in  the n u cleu s o f  a c e l l  o f  
the e p i t h e l ia l  p e a r l o f  squamous c e l l  carcinom a. The 
cytoplasm  on th e l e f t  upper corner o f  th e micrograph i s  
crowded w ith  to n o fila m e n ts .
'i
M a g n ifica tio n  32500.
F igure 86. A t y p ic a l  k era to h y a lin  granu le from th e  
e p i t h e l ia l  p ea r l o f  squamous carcinom a.
M a g n ifica tio n  88250.
F igure 87 . A round th ic k -w a lle d  v e s ic l e  i s  seen  in  the  
cytoplasm  o f  a c e l l  from th e e p i t h e l ia l  p e a r l .
M a g n ifica tio n  93200
J :  %  •
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SQUAMOUS CARCINOMA OF OESOPHAGUS
Figure 88. An ova l th ick -w a lle d  v e s ic le  o f  th e  e p i t h e l ia l  
p earl o f  squamous c e l l  carcinoma showing an in vagin ated  w a ll .
M agn ifica tion  116500.
F igure 89» A Langerhans c e l l  from a case o f  squamous 
carcinoma o f  oesophagus i s  recogn ised  by i t s  d i s t in c t iv e  
gra n u les .
M agn ifica tion  70600.
F igure 50» Acid phosphatase a c t iv i t y  in  the in t e r c e l lu la r  
spaces and on th e c e l l  membrane o f squamous c e l l  carcinoma 
o f  oesophagus. N o tice  the absence o f  r e a c t io n  product from 
th e  membrane-coating granu les ( g) . The appearances are  
id e n t ic a l  to  th o se  seen  in  normal oesophageal squamcus 
mucosa.
M agn ifica tio n  93200.

SQUAMOUS CARCINOMA OF OESOPHAGUS
F ig u r e  9 1 , A cid  p h o sp h a ta se  a c t i v i t y  i n  th e  i n t e r c e l l u l a r  
c p a c e s  o f  squam ous c e l l  carc in om a o f  human o e so p h a g u s .
The d en se  s m a ll  g r a n u le s  i n s id e  th e  c y to p la sm  a re  
r ib o s o m e s ,
M a g n if ic a t io n  1^-000
F ig u r e  9 2 , A cid  p h o sp h a ta se  a c t i v i t y  i n  la r g e  h e te r o g e n e o u s  
i n c l u s i o n s  o f  squam ous ca rc in o m a .
M a g n if ic a t io n  52950

SQUAMOUS CARCINOMA OF OESOPHAGUS
F ig u r e  93* Squamous c e l l  carcinom a o f  o e so p h a g u s . There a re  
h e te r o g e n e o u s  m em b ran e-lim ited  d en se  i n c l u s i o n s  in  th e  
cy top lasm # . The la r g e  n u c le u s  o f  th e  c a n cer  c e l l  c o n ta in s  
a r in g -s h a p e d  n u c le o lu s .
M a g n if ic a t io n  10750
F ig u r e  9 k m A cid  p h o sp h a ta se  a c t i v i t y  i s  s e e n  i n  a round  
d en se  in c l u s i o n  o f  squamous c e l l  ca rc in o m a .
M a g n if ic a t io n  17500
9 4
. GASTRIC TUMOURS
F igu re95*  The h i s t o lo g y  o f  prim ary w e l l  d i f f e r e n t i a t e d  
g a s t r ic  carcinom a i s  shown. T h is  c a s e  i s  t y p ic a l  o f  th o se  
in  w hich mucous s e c r e t i o n  g r a n u le s  o c c u r .
M a g n if ic a t io n  225
F ig u r e  9 6 , E le c tr o n  m icrograph from th e  c a se  shown in  
f ig u r e  95« The colum nar c e l l s  are  c l o s e l y  packed  and 
h a v e b a s a lly  s i t u a t e d  n u c le i .  The m ost d i s t i n c t i v e  f e a tu r e  
o f  th e s e  c e l l s  i s  th e  o ccu rr en ce  o f  dark mucous s e c r e t io n  
g r a n u le s  in  t h e i r  a p ic a l  c y to p la sm . N ote th e  lum en(L) o f  
th e  g la n d .
M a g n if ic a t io n  kSOO

GASTRIC TUMOURS
F i g u r e  97* A p i c a l  c y t o p la s m  o f  c a n c e r  c e l l s  o f  g a s t r i c  
c e l l  t y p e  o f  a d e n o c a r c in o m a #  The ~v.cous g r a n u l e s  a r e  
s i m i l a r  t o  t h o s e  o f  norm al g a s t r i c  m ucous c e l l s ( F i g . ^ )  #
M a g n i f i c a t i o n  3 2 5 0 0
F i g u r e  9 8 .  Mucous s e c r e t i o n  g r a n u l e s  o f  t h e  g a s t r i c  c e l l  
t y p e  o f  c a r c in o m a .  The g r a n u l e s  h a v e  a  c l o s e l y  a p p l i e d  
l i m i t i n g  membrane s i m i l a r  t o  t h a t  o f  t h e  mucous g r a n u l e s  
o f  g a s t r i c  mucous c e l l s .
M a g n if ic a t io n  51250
" ' - 1#





F i g u r e  99» G a s t r i c  c e l l  t y p e  o f  a d e n o c a r c in o m a  • M ito c h o n d r ia (M )  
w i t h  t u b u l a r  and v e s i c u l a r  c r i s t a e  a r e  s e e n .  N o t i c e  t h e  
n u c l e u s ( N )  o f  t h e  c a n c e r  c e l l .
M a g n i f i c a t i o n  2 1 0 0 0
F i g u r e  1 0 0 .  G a s t r i c  c e l l  t y p e  o f  a d e n o c a r c in o m a  s h o w in g  a  l a r g e  
m it o c h o n d r io n  c o n t a i n i n g  r o d - s h a p e d  i n c l u s i o n s .  A n o th e r  
m ito c h o n d r io n (M )  c o n t a i n s  o b l i q u e l y  s e c t i o n e d  i n c l u s i o n s .
N o t i c e  t h e  d i s t i n c t  p e r i o d i c i t y  i n  t h e  l o n g i t u d i n a l l y  
r . e c t io n e d  p r o f i l e s .
M a g n i f i c a t i o n  3 2 0 0 0
10 0
GASTRIC TUMOURS
F i g u r e  1 0 1 .  G a s t r i c  c e l l  t y p e  o f  a d e n o c a r c in o m a ,  s h o w in g  a  
m i t o c h o n d r i o n  w i t h  c o n c e n t r i c  c r i s t a e .
Magnification 88250
F i g u r e  1 0 2 .  G a s t r i c  c e l l  t y p e  o f  a d e n o c a r c in o m a .  The d i l a t e d  
c i s t e r n a e  o f  g r a n u l a r  e n d o p la s m ic  r e t i c u l u m  c o n t a i n  r o d - s h a p e d  
i n c l u s i o n s .
M a g n i f i c a t i o n  7 0 0 0 0
Figure 103. Gastric cell type of adenocarcinoma. The 
membranous inclusion shown consists of concentrically 
arranged membranes which enclose granular material of moderate 
density.
M a g n if ic a t io n  92000

GASTRIC TUMOURS
Figure iO*f. The histology of a typical case of primary 
well differentiated gastric carcinoma which did not contain 
mucous secretion granules*
M a g n i f i c a t i o n  225
F i g u r e  105* I n t e s t i n a l  t y p e  o f  g a s t r i c  c a r c in o m a  a s  shown above*  
The n e o p l a s t i c  c e l l s  a r r a n g e d  a rou n d  an  a c i n a r  s p a c e  h a v e  l o n g  
m i c r o v i l l i  b u t  no m ucous s e c r e t i o n  g r a n u l e s .  N o t i c e  t h e  
m o d e r a t e ly  d e n s e  m a t e r i a l  w i t h i n  t h e  lum en o f  t h e  g la n d  w hich  







F ig u r e  1 0 6 .  I n t e s t i n a l  t y p e  o f  g a s t r i c  c a r c in o m a .  The a p i c a l  
s u r f a c e  o f  th e  c a n c e r  c e l l  b e a r s  l o n g  m i c r o v i l l i  and a  
p r o m in e n t  f u z z y  c o a t .
M a g n i f i c a t i o n  13800
F ig u r e  1C7. I n t e s t i n a l  t y p e  o f  g a s t r i c  c a r c in o m a  • The b a s a l  
p a r t s  o f  s e v e r a l  c a n c e r  c e l l s  r e s t  on a c o n t i n o u s  b a s a l  la m in a  
and have  c o n s p i c u o u s  l a t e r a l  i n t e r d i g i t a t i o n s .  The l a r g e  
n u c l e i  a r e  b a s a l l y  l o c a t e d .
M a g n if ic a t io n  8^00

GASTRIC TUMOURS
F i g u r e  108* I n t e s t i n a l  t y p e  o f  g a s t r i c  c a r c in o m a .  The m i c r o v i l l i  
o f  t h i s  t y p e  o f  c a r c in o m a  a r e  lo n g , ,  and h ave  a  m ic r o f ia m e n t o u s  
c o r e  e x t e n d i n g  t o  t h e  a p i c a l  c t o p la s m .  N o t i c e  t h e  p r e s e n c e  
o f  i n t e r m i c r o v i l l o u s  v e s i c l e s .
M a g n i f i c a t i o n  7 0 0 0 0  . '
F i g u r e  1 0 9 .  I n t e s t i n a l  t y p e  o f  g a s t r i c  c a r c in o m a .  The c y to p la s m  
o f  a  c a n c e r  c e l l  c o n t a i n s  t y p i c a l  m i t o c h o n d r i a ,  G o l g i  s y s t e m ,  
f r e e  r ib o s o m e s  and s c a t t e r e d  c i s t e r n a e  o f  g r a n u l a r  e n d o p la s m ic  
r e t i c u l u m .  N o t i c e  t h e  d e n s e  i n t r a m i t o c h o n d r i a l  p a r t i c l e s .
M a g n if ic a t io n  67250

GASTRIC TUMOURS
F i g u r e  1 1 0 .  I n t e s t i n a l  t y p e  o f  g a s t r i c  c a r c in o m a .  A g o b l e t  
c e l l ( G )  i s  i n t e r p o s e d  b e t w e e n  l e s s  d i f f e r e n t i a t e d  c a n c e r  
c e l l s .  The dark  n u c l e u s  o f  t h e  g o b l e t  c e l l  i s  p u s h e d  W s a l l y  
by t h e  a c c u m u la te d  m ass o f  mucous g r a n u l e s .  N o t i c e  th e  lum en  
(L) and th e  m i c r o v i l l i .
M a g n i f i c a t i o n  8^00

GASTRIC TUMOURS
F i g u r e  1 1 1 .  G a s t r i c  c a r c in o m a .  I n v a g i n a t i o n  o f  t h e  n u c l e a r  
e n v e l o p e  r e s u l t s  i n  t h e  f o r m a t io n  o f  a  c h a n n e l  o f  c y to p la s m  
l e a d i n g  t o  t h e  p r o m in e n t  n u c l e o l u s .
M a g n i f i c a t i o n  2 1 0 0 0
F i g u r e  1 1 2 .  G a s t r i c  c a r c in o m a .  The two p r o m in e n t  and com pact  
n u c l e o l i  a r e  l o c a t e d  n e a r  an  i s l a n d  o f  c y t o p l a s m ( s )  which  
i s  s t r a n d e d  w i t h i n  t h e  n u c l e u s .
M a g n i f i c a t i o n  ZkOOO
Figure 113* Gastric carcinoma. An island of cytoplasm 
containing a mitochondrion is seen within the nucleus.
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GASTRIC TUMOURS
F i g u r e  1 1 4 .  I n t e s t i n a l  t y p e  o f  g a s t r i c  c a r c in o m a .  T here  a r e  
some m e m b r a n e - l im ite d  c y t o p l a s m i c  v e s i c l e s ,  some o f  w hich  
c o n t a i n  d e n s e  m a t e r i a l *
M a g n i f i c a t i o n  22730
F i g u r e  115* G a s t r i c  c a r c in o m a .  S m a l l  hom ogen eou s  d e n s e  b o d i e s  
a r e  s e e n  i n  t h e  c y t o p la s m  o f  c a n c e r  c e l l s .
M a g n i f i c a t i o n  17500
F i g u r e  1 1 6 0 G a s t r i c  c a r c in o m a .  A l a r g e  h e t e r o g e n e o u s  d e n s e  
i n c l u s i o n  i s  s e e n  i n  a  tumour c e l l .
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Figure 117* Poorly differentiated primary gastric carcinoma* 
Cancer cells arranged around an acinar space (L) contain 
mucous secretion granules identical to those of gastric 
mucous cells (Fig# 50)# Note the cytoplasmic projections 
from cancer cells into the lumen (L)# There are no true 
microvilli#
M a g n i f i c a t i o n  3 2 5 0 0
F ig u r e  118 ,  p o o r ly  d i f f e r e n t i a t e d  prim ary  g a s t r i c  carcinom a#  
The c e l l s  r e s t  on a c o n t in o u s  b a s a l  la m in a  #
M a g n i f i c a t i o n  17500
Figure 119* Poorly differentiated primary gastric carcinoma# 
The cancer cell contains mucous granules identical to those 
of gastric mucous cells (Fig#50)#
M a g n if ic a t io n  -32500

GASTRIC TUMOURS
F i g u r e  1 2 0 .  P o o r l y  d i f f e r e n t i a t e d  p r im a r y  g a s t r i c  c a r c in o m a .  
The n e o p l a s t i c  c e l l s  h a v e  t y p i c a l  m i t o c h o n d r i a  and G o l g i  
s y s t e m ,  l a r g e  i r r e g u l a r  n u c l e i ,  and a r e  c o n n e c t e d  by  
desmosomes(Dv).  T here  a r e  no s e c r e t i o n  g r a n u l e s .
M a g n if ic a t io n  18200
- ,? p :  .v '^v
GASTRIC TUMOURS
F ig u r e  121 •  P r im a ry  g a s t r i c  lymphoma. The com pact c e l l s  a r e  
c l o s e l y  p a c k e d  and h ave  l a r g e  i r r e g u l a r  n u c l e i .  T here  a r c  nc 
e p i t h e l i a l  a d h e s i o n  s p e c i a l i s a t i o n s .  The r e s e m b la n c e  t o  
ly m p h o id  t i s s u e  i s  c l o s e .
M a g n if ic a t io n  6000
m  '
GASTRIC ..TUMOURS
F i g u r e  1 2 2 .  p r im a r y  g a s t r i c  lymphoma. The n e o p l a s t i c  c e l l s  
a r e  n o t  c o n n e c t e d  by e p i t h e l i a l  a d h e s i o n  s p e c i a l i s a t i o n s .  
T h is  l a r g e  n e o p l a s t i c  c e l l  h a s  l a r g e  n u c l e u s  and m in im a l  
c y t o p l a s m i c  o r g a n i s a t i o n .
M a g n if ic a t io n  8600

GASTRIC TUMOURS
F i g u r e  123* G a s t r i c  c e l l  t y p e  o f  a d e n o c a r c in o m a .  P e r i o d i c  
a c i d  t h i o c a r b o h y d r a z i d s  s i l v e r  p’r o t e i n a t e  s t a i n i n g ,  sh o w in g  
t h e  d i s t r i b u t i o n  o f  c a r b o h y d r a t e s  i n  th e  n e o p l a s t i c  c e l l s .  
The s u r f a c e  c o a t  and t h e  mucous g r a n u l e s  a r e  p o s i t i v e l y  
s t a i n e d .
M a g n i f i c a t i o n  18200
F i g u r e .  12*f. G a s t r i c  c e l l  t y p e  o f  a d e n o c a r c in o m a .  P o s i t i v e  
c a r b o h y d r a t e  s t a i n i n g  i s  s e e n  i n  t h e  mucous s e c r e t i o n  
g r a n u l e s *
M a g n i f i c a t i o n  5 1 2 5 0

GASTRIC TUMOURS
F i g u r e  125* I n t e s t i n a l  t y p e  o f  g a s t r i c  c a r c in o m a .  P o s i t i v e  
c a r b o h y d r a t e - s t a i n i n g  i s  s e e n  i n  th e  f u z z y  c o a t  and th e  
m e m b r a n e - l im ite d  v e s i c l e s .
M a g n i f i c a t i o n  7 0000
F i g u r e  1 2 6 .  I n t e s t i n a l  t y p e  o f  g a s t r i c  c a r c in o m a .  P o s i t i v e  
c a r b o h y d r a t e - s t a i n i n g  i s  s e e n  i n  t h e  m e m b r a n e - l im ite d  
v e s i c l e s .









Figure 127* Gastric carcinoma. Acid phosphatase activity 
in the smallcytoplasmic inclusions indicates their 
lysosomal nature. t
Magnification 13800
Figure 128. Gastric carcinoma. Positive acid phosphatase 
activity is seen in these two inclusions, indicating their 
lysosomal identity.
M a g n i f i c a t i o n  3 9 0 0 0
Figure 129* Gastric carcinoma. Acid phosphatase activity 
is shown in a large heterogeneous inclusion, again indicating 
its lysosomal nature.
M a g n if ic a t io n  22750
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F i g u r e  1 3 0 .  The h i s t o l o g y  o f  a  t y p i c a l  c a s e  o f  w e l l  
• d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a  i s  shown*
M a g n i f i c a t i o n  225
F i g u r e  13 1 •  W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a .  
The a p i c a l  c y t o p la s m  o f  c a n c e r  c e l l s  c o n t a i n s  num erous  
m ucous s e c r e t i o n  g r a n u l e s  i d e n t i c a l  t o  t h o s e  o f  g a s t r i c  
m ucous c e l l s  ( F i g s .  +^5* 5 0 )  • The m i c r o v i l l i  s e e n  h e r e  a r e  
more s p a r s e  t h a n  i n  t h e  i n t e s t i n a l  c e l l  t y p e  o f  tumour  
( F i g s . 1 0 6 , 1 0 8 ) .











F i g u r e  1 3 2 .  W e ll  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a  
The d e n s e  m ucous g r a n u l e s  a r e  i d e n t i c a l  t o  t h o s e  o f  g a s t r i c  
m ucous c e l l s ( F i g . ^ )  • The m i c r o v i l l i  a r e  s h o r t  and c o v e r e d  
by a  s c a n t y ,  f u z z y  c o a t .
M a g n i f i c a t i o n  5 1 2 5 0
F i g u r e  1 3 3 .  W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a  
The co lu m n a r  n e o p l a s t i c  c e l l  c o n t a i n s  a  l a r g e  b a s a l i y  
s i t u a t e d  n u c l e u s  and o n l y  a  few  m ucous g r a n u l e s ( G ) .  N o t i c e  
t h e  i n t r a c y t o p l a s m i c  v a c u o l e s ( V )  and t h e  n u c l e a r  b o d y (a r r o w )
M a g n if ic a t io n  13800

GASTRIC TUMOURS
Figure Well differentiated metastatic gastric carcinoma.
A dense ring-shaped nucleolus is shown.
Magnification 22750
Figure 135* Well differentiated metastatic gastric carcinoma.
Another dense ring-shaped nucleolus is seen.
Magnification 22750
Figure 136. Well differentiated metastatic gastric carcinoma.
The large mitochondrion has tubular and vesicular cristae. 
Magnification 88250
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GASTRIC TUMOURS
F i g u r e  1 3 7 .  W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a
A m it o c h o n d r i o n  w i t h  t u b u l a r  and v e s i c u l a r  c r i s t a e  i s  s e e n .
M a g n i f i c a t i o n  8 8250
F i g u r e  1 3 8 .  We11  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a
A r i n g - s h a p e d  m i t o c h o n d r i o n  i s  show n , w i t h  t u b u l a r  c r i s t a e .
M a g n i f i c a t i o n  6 9 9 0 0
F i g u r e  1 3 9 .  W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a
'Two r i n g - s h a p e d  m i t o c h o n d r i a  a r e  s e e n .
M a g n if ic a t io n  93200

GASTRIC TUMOURS
F i g u r e  1^*0. W e ll  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a .  
A l a r g e  m i t o c h o n d r io n  c o n t a i n s  concen,t& ±c c r i s t a e .
M a g n i f i c a t i o n  88250
F i g u r e  1^ 1 . W e ll  d i f f e r e n t i a t e d  me t  e*s t a t i c  g a s t r i c  c a r c in o m a ,  
A m it o c h o n d r io n  i s  shown w i t h  a  l e s s  o r g a n i s e d  c o n c e n t r i c  
a r r a n g e m e n t  o f  c r i s t a e .
M a g n i f i c a t i o n  8 8 2 5 0
F i g u r e  1^ 2 .  W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a .  
The m i t o c h o n d r io n  shown c o n t a i n s  a  c e n t r a l  i n c l u s i o n ,  o f  
u n c e r t a i n  i d e n t i t y .
M a g n if ic a t io n  93200

GASTRIC TUMOURS
F i g u r e  1V5* W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a .  
The m i t o c h o n d r i o n  show n h a s  c o n c e n t r i c  c r i s t a e  and c o n t a i n s  
c e n t r a l  m a t e r ia l ,  s i m i l a r  t o  t h a t  s e e n  i n  t h e  s u r r o u n d in g  
c y t o p l a s m .
M a g n i f i c a t i o n  9 3200
F i g u r e  iM f .  W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a .  
An i n v a g i n a t e d  Mc u p - s h a p e d "  m i t o c h o n d r i o n  c o n t a i n s  
i n c o n s p i c u o u s  c r i s t a e .  The- c y t o p l a s m i c  p e g  w h ich  p r o j e c t s  
i n t o  t h e  m i t o c h o n d r i o n  i s  s i m i l a r  t o  t h e  c e n t r a l  '’i n c l u s i o n s 11 
s e e n  i n  f i g u r e s  1 ^ 2 ,  1 ^ 3 .
M a g n i f i c a t i o n  5 1 2 5 0
F i g u r e  1^5# W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a .  
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GASTRIC TUMOURS
F ig u r e  1*f6, W ell  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  carcinoma,.  
A d i l a t e d  c i s t e r n a  o f  en d o p la sm ic  r e t i c u lu m  c o n t a in s  tu b u la r  
s t r u c t u r e s .
M a g n i f i c a t i o n  67250
F ig u r e  1^7# W ell d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  ca rc in o m a .
A netw ork o f  c o n v o lu t e d  membranous s t r u c t u r e s  i s  shown.
M a g n if ic a t io n  93200

g a s t r ic  tumours
F ig u r e  1^8. W ell  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in e
A c u r i o u s  arrangem ent o f  g r a n u la r  and smooth en d o p la sm ic  
r e t i c u lu m  i s  seen*  The p r e s e n c e  o f  s e v e r a l  c l e a r l y  d e f in e d
* p o r e f s t r u c t u r e s ( a r r o w s )  i n d i c a t e s  t h a t  t h i s  i s  a s t a c k  
o f  a n n u la te  la m e l la e *
M a g n i f i c a t io n  88250

GASTRIC TUMOURS
F i g u r e  1*f9# C a r b o h y d r a t e - s t a i n i n g  o f  w e l l  d i f f e r e n t i a t e d  
m e t a s t a t i c  g a s t r i c  c a r c in o m a .  F in e  g r a n u l a r  d e p o s i t s  a r e  
s e e n  i n  t h e  lum en  (L )  and i n  t h e  m ucous s e c r e t i o n  g r a n u l e s
M a g n i f i c a t i o n  3 9 0 0 0
F i g u r e  1 5 0 .  C a r b o h y d r a t e - s t a i n i n g  o f  w e l l  d i f f e r e n t i a t e d  
m e t a s t a t i c  g a s t r i c  c a r c in o m a .  D en se  g r a n u l a r  d e p o s i t s  a r e  
s e e n  i n  t h e  f u z z y  c o a t  and m ucous g r a n u l e s .
M a g n if ic a t io n  88250
149
GASTRIC TUMOURS
F ig u r e  151• C a r b o h y d r a t e - s t a in in g  o f  w e l l  d i f f e r e n t i a t e d  
m e t a s t a t i c  g a s t r i c  ca rc in o m a . C oarse  g r a u u la r  d e p o s i t s ,  
p o s s i b l y  g ly c o g e n ,  a re  s e e n  i n  th e  i n t r a c y t o p l a s m i c  v a c u o l e s .  
These v a c u o le s  ap p eared  empty i n  c o n v e n t io n a l  m icrograp hs  
( F ig*  133 ) •  N o t ic e  th e  lum en(L) o f  th e  g la n d  and th e  
l a r g e  n u c le u s (N )  which i s  f r e e  o f  th e  r e a c t i o n  p r o d u c t .
M a g n i f i c a t i o n  1^000

GASTRIC TUMOURS
F i g u r e  1 5 2 .  The h i s t o l o g y  o f  a  t y p i c a l  c a s e  o f  p o o r l y  
d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a  i s  show n.
M a g n i f i c a t i o n  225
F i g u r e  153# F o o r l y  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  
c a r c in o m a .  The n e o p l a s t i c  c e l l s  a r e  c l o s e l y  p a c k e d  
and h a v e  l a r g e  n u c l e i *  The d esm oscm es c o n n e c t i n g  
t h e  c e l l s  a r e  b a r e l y  s e e n ( a r r o w s ) .
M a g n if ic a t io n  6720

GASTRIC TUMOURS
F i g u r e  15**# P o o r l y  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a ,  
n e o p l a s t i c  c e l l s  h a v i n g  t y p i c a l  m i c r e v i l l i ( M )  a r e  s e e n .
M a g n i f i c a t i o n  2 2 7 5 0
F i g u r e  155* P o o r l y  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a  
The n e o p l a s t i c  c e l l s  a r e  s e e n  t o  r e s t  on a t y p i c a l  b a s a l  
l a m i n a ( B ) .  N o te  t h e  p a l e  n u c l e u s ( N ) .
M a g n i f i c a t i o n  2 2 7 5 0
F i g u r e  1 5 6 .  P o o r l y  d i f f e r e n t i a t e d  m e t a s t a t i c  g a s t r i c  c a r c in o m a .  
T h ere  a r e  num erous m i c r o v i l l i  and v a c u o l a t e i  mi t o e n o n d r i a  
s e e n  i n  t h i s  m ic r o g r a p h .
M a g n if ic a t io n  13800

GASTRIG TUMOURS
Figure 157» Poorly differentiated metastatic gastric carcinoma® 
The neoplastic cells are connected by typical epithelial 
adhesion specialisations (U). ,
Magnification 1 7500
F i g u r e  1 5 3 .  M e t a s t a t i c  g a s t r i c  lym phom a. The n e o p l a s t i c  c e l l s  
c l o s e l y  p a c k e d  b u t  a r e  n o t  c o n n e c t e d  by t h e  a d h e s i o n  
s p e c i a l i s a t i o n s  s e e n  i n  f i g u r e  157# N o t i c e  t h e  p y k n o t i c  
v a c u o l a t e d  c e l l  w i t h  dark  sh r u n k e n  n u c l e u s *




Figure 159* The histology of a typical case of metastatic 
signet ring cell gastric carcinoma is shown.
Magnification 225
Figure 160. Metastatic signet ring cell gastric carcinoma. 
The neoplastic cells within lymphatic vessele are aeen to 
have a highly irregular outline. The centrally located 
nucleus is compressed by pale mucous granules.
M a g n if ic a t io n  8*f00
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GASTRIC TUMOURS
Figure 161. Metastatic signet ring cell gastric carcinoma. 
The neoplastic cells have numerous finger-like projections 
and are separated by distinct intercellular spaces. Their 
cytoplasm contains numerous tubulcvesicular structures(T) 
and pale mucous granules. Note that some residual 
cell-to-cell adhesion persists, with clearly defined 
desmosomes(D)•
Magnification 6000
Figure 162. Metastar.ir- signet ring gastric carcinoma.
T h i s  n e o p l a s t i c  c e l l  r e s t s  on  a  b a s a l  l a m i n a ( B ) .
M a g n if ic a t io n  88250

GASTRIC TUMOURS
Figure 1 6 3. Metastatic signet ring ceil gastric carcinoma. 
The intracytoplasmic desmosomes typical of this type of 
metastatic gastric carcinoma, are shown. Notice the 
"tennis racket" desmosomes(T)•
Magnification 116500
Figure l6^ t. Metastatic signet ring cell gastric carcinoma. 
Vesicle formations(Vy "tennis racket" desmosome(T) are 
seen.
M a g n if ic a t io n  116500
■
W .f f l
.O
£ * $ £ ■
w ± & 2 ± ~
GASTRIC TUMOURS
Figure 1 6 5. Metastatic signet ring cell gastric carcinoma. 
Thft r.Aoplastic cell contains an intrucytoplasmic saccular 
inclusion. The inclusion is lined by numerous microvilli.
Magnification 22750
Figure 166. Metastatic signet ring gastric carcinoma. 
Multiple intracytoplasmic saccular inclusions are seen.
M a g n if ic a t io n  22750

GASTRIC TUMOURS
Figure 167* Metastatic signet ring cell gastric carcinoma 
The microvilli projecting into the intracytoplasmic 
saccular inclusion are seen to .have a microfilamentous 
core extending to the cytoplasm.
Magnification 88250
Figure 168. Metastatic signet ring cell gastric carcinoma 
The tubulovosicular inclusions of the signet ring cell 
are similar to those of gastric parietal cells(Fig.^S).
A c y t o p l a s m i c  i n v a g i n a t i o n  i n t o  t h e  v e s i c l e  i s  s e e n  
a t  two p o i n t s  ( a r r o w s ) .
M a g n if ic a t io n  116500

GASTRIC TUMOURS
Figure 169# Metastatic signet ring cell gastric carcinoma 
Intranuclear tubules are seen.
Magnification 6990C
Figure 170. Metastatic signet ring cell gastric carcinoma 
Numerous intranuclear dense inclusions are seen. These 
inclusions are separated by a clear halo from the 
surrounding chromatin.
M a g n if ic a t io n  1550CO

COLONIC TUMOURS
Figures 171, 172^ The histology of a typical case
o f  v i l l o u s  p a p i l l o m a  i s  sh ow n .
M a g n i f i c a t i o n  225

c o l o n i c  Tu m o u r s
Figure 173* Villous papilloma. The apical parts of the
neoplastic cells of villous papilloma are shown*
Magnification 10750
Figure 17^. Villous papilloma. The basal parts of several
cells are seen.
M a g n if ic a t io n  8600

COLONIC TUMOURS
Figure 175« Villous papilloma. Villous papilloma cells 
have quite prominent mitochondria, aggregatescf secretion 
granules in the apical cytoplasm and numerous membrane-limited 
vesicles. Note the large nucleus and the short irregular 
microvilli.
Magnification 9890
Figure 176. Villous papilloma. A group of mitochondria lies 
in basal cytoplasm of the neoplastic cell.
M a g n if ic a t io n  51250
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COLONIC TUMOURS
Figure 177* Villous papilloma. Dense deposits of carbohydrate
*
staining are seen on the a p i c a l  c e l l  membrane and just inside 
the membrane of the vesicles • Note the lumen(L).
Magnification 51250
Figure 1 7 8. Villous papilloma. Positive carbohydrate 
staining is seen again just inside the membrane of 
the vesicles.Note the lumen(L).
M a g n if ic a t io n  88250
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COLONIC TUMOURS
Figure 179* Villous papilloma. The’ prominent nucleolus of a 
villous papilloma cell is shown.
Magnification 7000q
Figure 180. Intracytoplasmic membrane-bound inclusions 
(M) of villous papilloma are seen. Note the nucleus(N) of 
adjacent cell. These inclusions bear a strong resemblance to 
nuclear material.
M a g n if ic a t io n  17500

COLONIC TUMOURS
Figure 181. Villous papilloma. Aggregates of dark cells
are shown to have numerous mitochondria, lateral 




Figure 182, Villous papilloma. The cytoplasm of the dark 
cell has numerous mitochondria. A dark nucleus is also 
seen.
Magnification 17500
Figure 1 8 3• Villous papilloma. Basal region of dark cell 
showing the closely packed mitochondria and intracellular 
vacuoles.
M a g n if ic a t io n  '? ? 0 0

COLONIC TUMOURS
Figure l8*f. The histology of a typical case of well
rH ■ff-r-ntiated primary colonic carcinoma is shown.
Magnification 225
Figure “l85# The histology of a typical case of well
differentiated metastatic colonic carcinoma is seen.
Magnification 225
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COLONIC TUMOURS
Figure 186. Well differentiated primary colonic carcinoma.
A group of neoplastic cells is arranged around a wide lumen. 
Their apical surfaces bear irregular microvilli. The lumen 
is seen to contain moderately dense material.
Magnification 6000
Figure 18?. High magnification of the apex of a cell of 
well differentiated primarycolonic carcinoma. This shows 
the typical microvilli and the intermicrovillous vesicles.
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COLONIC TUMOURS
F i g u r e  188. W e ll  d i f f e r e n t i a t e d  p r im a r y  c o l o n i c  c a r c in o m a *  
A p i c a l  r e g i o n s  o f  c a n c e r  c e l l s ,  show l a t e r a l  i n t e r d i g i t a t i o n s ,  
num erous c y t o p l a s m i c  d e n s e  b o d i e s  and a s m a l l  G o l g i  
a p p a r a t u s ( G ) •
M a g n i f i c a t i o n  1 2 9 0 0
F i g u r e  189* W e l l  d i f f e r e n t i a t e d  p r im a r y  c o l o n i c  ca rc in o m a *
The n e o p l a s t i c  c e l l s  r e s t  on  a  c o n t i n o u s  b a s a l  l a m i n a ,  
h e a p e d  on  e a c h  o t h e r  w i t h  p s e u d o s t r a t i f i c a t i o n *
M a g n if ic a t io n  8600

COLONIC TUMOURS
F ig u r e  1 9 0 .  W e ll  d i f f e r e n t i a t e d  p r im a r y  c o l o n i c  c a r c in o m a .  
A l a r g e  c a n c e r  c e l l  w i t h  se g m e n te d  n u c l e u s  i s  show n.
Magnification 3360
Figure 191. Well differentiated primary colonic carcinoma, 
pseudopodial cytoplasmic protrusions(P) from cancer cells 
are seen to project through the basal lamina into the 
stroma(S).
M a g n if ic a t io n  13800

COLONIC TUMOURS
Figure 192. Well differentiated primary colonic carcinoma. 
A bizarre-shaped nucleolus with several holes is shown.
Magnification 30500
Figure 193# Well differentiated; primary colonic carcinoma. 
Apical regions of cancer cells showing numerous 
doughnut-like inclusions.
Magnification 32500
F i g u r e  19^* W e l l  d i f f e r e n t i a t e d  p r im a r y  c o l o n i c  c a r c in o m a .  
D o u g h n u t - l i k e  i n c l u s i o n s  and m e m b r a n e - l im i te d  v e s i c l e s  
a r e  s e e n .
M a g n if ic a t io n  88250
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Figure 195* W e ll  differentiated primary colonic carcinoma 
A network cf tubular structures is seen to be continous 
with the granular andoplasmic reticulum.
Magnification 9520'J
Figure 196. Well differentiated primary colonic carcinoma 
Another network of tubular structures is shown.




Figure 197 • Well differentiated primary colonic carcinoma* 
Nuclear invagination has produced a channel of cytoplasm 
loading to three prominent nucleoli.
Magnification 10750
Figure 198. Well differentiated primary colonic carcinoma. 
An island of cytoplasm is stranded within the nucleus. Two 
prominent nucleoli are seen to lie in contact with the 
cytoplasmic island.
M a g n if ic a t io n  22750
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COLONIC TUMOURS
Figure 199. Well differentiated primary colonic carcinoma. 
The cytoplasm contains numerous ribosomes and 
membrane-limited heterogeneous dense inclusions.
Magnification 22750
Figure 200. Poorly differentiated primary colonic carcinoma. 
Light and dark cells are seen. The light cells are 
predominant. The few dark cells seen in the left 
upper corner of the micrograph have dark nuclei.











F i g u r e  201A . The h i s t o l o g y  o f  a t y p i c a l  c a s e  o f  p o o r l y
d i f f e r e n t i a t e d  p r im a r y  c o l o n i c  c a r c in o m a  i s  sh ow n .
M a g n i f i c a t i o n  225
201A
COLONIC TUMOURS
F ig u r e ,  2 0 1 .  P o o r l y  d i f f e r e n t i a t e d  p r im a r y  c o l o n i c  c a r c in o m a .  
The a p i c a l  r e g i o n s  o f  c a n c e r  c e l l s  a r e  sh ow n . The n e o p l a s t i c  
c e l l s  a r o  c o n n e c t e d  by t y p i c a l  desm osom es ( D) « N ote  t h e  
lu m e n (L )  o f  t h e  g l a n d .
M a g n i f i c a t i o n  8600
F i g u r e  2 0 2 .  P o o r l y  d i f f e r e n t i a t e d  p r im a r y  c o l o n i c  c a r c in o m a .  
The b a s a l  r e g i o n s  o f  t h e  n e o p l a s t i c  c e l l s  a r e  show n . The 




F i g u r e  2 0 3 .  W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  c o l o n i c  
c a r c in o m a .  The c e l l s  a r e  co lu m n ar  i n  s h a p e  and h a v e  
b a s a l l y  s i t u a t e d  n u c l e i .  T h e ir  a p i c e s  b e a r  s h o r t  
i r r e g u l a r  m i c r o v i l l i .
M a g n i f i c a t i o n  8 6 0 0
J f -  * . '
COLONIC- TUMOURS
F i g u r e  20*f. W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  c o l o n i c  c a r c in o m a .  
T h ere  a r e  num erous s m a l l  v e s i c l e s  b e tw e e n  t h e  m i c r o v i l l i  
and i n  t h e  lu m e n .  N o t i c e  t h e  m i t o c h o n d r i a  and  
m e m b r a n e - l im i te d  v e s i c l e s  i n  t h e  a p i c a l  c y t o p l a s m .
Magnification 22750
Figure 205. Well differentiated metastatic colonic carcinoma. 
The basal regions of the cells show aggregates of mitochondria.
M a g n i f i c a t i o n  17500
F i g u r e  2 0 6 .  W e l l  d i f f e r e n t i a t e d  m e t a s t a t i c  c o l o n i c  c a r c in o m a  • 
Two c h a n n e l s  o f  c y t o p la s m  l e a d  t o  a  p r o m in e n t  n u c l e o l u s .
M a g n if ic a t io n  17500

COLONIC TUMOURS
Figure 207# Well differentiated metastatic colonic carcinoma 
The lumen of the gland contains moderately dense material 
and assorted cellular debris.
M a g n if ic a t io n  17500
Figure 208. Well differentiated metastatic colonic carcinoma 
Dense deposits of carbohydrate staining are seen in tne 
cytoplasmic vesicles, fuzzy coat and the moderately dense 





F i g u r e  2 0 9 .  C a r b o h y d r a t e - s t a i n i n g  o f  norm al c o l o n i c  
m u cosa  show s f i n e  g r a n u l a r  d e n s e  d e p o s i t s  i n  t h e  
f u z z y  c o a t  and c y t o p l a s m i c  v e s i c l e s .
M a g n i f i c a t i o n  5 1 2 5 0
F i g u r e  2 1 0 . p o s i t i v e  c a r b o h y d r a t e  s t a i n i n g  i s  shown  
i n  t h e  f u z z y  c o a t  o f  p r im a r y  c o l o n i c  c a r c in o m a .




F i g u r e  2 1 1 .  P o s i t i v e  c a r b o h y d r a t e - s t a i n i n g  i n  t h e  
m em b r a n e - l im ite d ?  v e s i c l e s  o f  c o l o n i c  c a r c in o m a .
M a g n i f i c a t i o n  6 1500
F i g u r e  2 1 2 .  P o s i t i v e  c a r b o h y d r a t e - s t a i n i n g  i s  a l s o  s e e n  
i n  t h o  d o u g h n u t - l i k e  i n c l u s i o n s  o f  c o l o n i c  c a r c in o m a .
M a g n i f i c a t i o n  3 9 0 0 0
Figure 213. Positive carbohydrate-staining is again 
shovm in the doughnut-like inclusions of primary 
colonic carcinoma.
M a g n if ic a t io n  51250
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COLONIC TUMOURS
Figure 21^. Positive acid phosphatase activity is shown
in the small dense bodies of colonic carcinoma.
Magnification 22750
Figure 215» Acid phosphatase activity in the dense
inclusions of colonic carcinoma.
Magnification 22750
Figure 216 . Two heterogeneous bodies showing acid phosphatase
activity are seen in colonic carcinoma.
Magnification 27500
Figure 217* Colonic carcinoma, positive acid phosphatase 
activity is seen in a large heterogeneous inclusion.
M a g n if ic a t io n  27500
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NUCLEAR AND CYTOPLASMIC INCLUSIONS
Figure 218. Nuclear body from normal epithelial cell 
of small intestine. It consists of microfibrillar 
material.
Magnification 88250
Figure 219. Microfibrillar nuclear body from squamous 
epithelium of oesophagus. Notice the clear halo which 
separates the nuclear body frcm the surrounding chromatin.
Magnification 88250
Figure 220. A microfibrillar r.uclear bedy from c olonac 
mucosa is shown.
M a g n if ic a t io n  88250

NUCLEAR AND CYTOPLASMIC INCLUSIONS
F ig u r e  2 2 1 .  We11 d i f f e r e n t i a t e d  prim ary g a s t r i c  carc in om a.  
Two m i c r o f i b r i l l a r  n u c le a r  b o d ie s  are  s e e n  in  p r o x im ity  
to  th e  n u c l e o l u s .
M a g n i f i c a t io n  93200
F ig u r e  2 2 2 .  Squamous c e l l  carc inom a o f  o e so p h a g u s .  A s i n g l e
n u c le a r  body i s  s e e n  c l o s e  to  th e  n u c l e o l u s .
M a g n i f i c a t io n  39000
F ig u r e  223* Primary c o l o n i c  carc in om a. Two n u c le a r  b o d ie s  
a re  s e e n  i n  c l o s e  c o n t a c t  w ith  each o t h e r .
M a g n i f i c a t io n  93200
F ig u r e  22^ . Adenocarcinom a o f  th e  am pulla  o f  V a te r .  Two
n u c le a r  b o d ie s  are  s e e n  c l o s e  to  each o t h e r .
\
M a g n if ic a t io n  39000
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NUCLEAR AND CYTOPLASMIC INCLUSIONS
F i g u r e  225* P r im a r y  c o l o n i c  c a r c in o m a .  The n u c l e a r  body  
d i s p l a y s  a d e n s e  h o m o g en eo u s  c o r e  and a  m i c r o f i b r i l l a r  
c o r t e x .
M a g n i f i c a t i o n  9 3 2 0 0
F i g u r e  226* M e t a s t a t i c  g a s t r i c  c a r c in o m a ,  s h o w in g  a  n u c l e a r  
body c o n s i s t i n g  o f  a  d e n s e  g r a n u l a r  c o r e  su rro u n d ed '  by  
m i c r o f i b r i l l a r  m a t e r i a l .
M a g n i f i c a t i o n  8 8 2 5 0
F i g u r e  2 2 7 .  P r im a r y  c o l o n i c  c a r c in o m a ,  s h o w in g  a  n u c l e a r  
body  c o n s i s t i n g  o f  m i c r o f i b r i l l a r  m a t e r i a l .
M a g n i f i c a t i o n  8 8 2 5 0
F i g u r e  2 2 8 .  A m i c r o f i b r i l l a r  n u c l e a r  body  from  a  c a s e  
o f  g a s t r i c  c a r c in o m a .
M a g n i f i c a t i o n  9 3 2 0 0
F i g u r e  229* Squamous c e l l  c a r c in o m a  o f  o e s o p h a g u s .  A n u c l e a r  
body  i s  s e e n  w i t h  a  v a c u o l a t e d  c e n t r a l  c o r e  and a  m i c r o f i b r i l l a r  
c o r t e x .
M a g n i f i c a t i o n  8^ 000
F i g u r e  2 3 0 .  C o l o n i c  c a r c in o m a .  The n u c l e a r  body  d i s p l a y s  
a  v a c u o l a t e d  c e n t r a l  c o r e  and m i c r o f i b r i l l a r  c o r t e x .
M a g n if ic a t io n  105900

NUCLEAR AND CYTOPLASMIC INCLUSIONS
F i g u r e  231* Squamous c e l l  c a r c in o m a  o f  o e s o p h a g u s *
A m i c r o f i b r i l l a r  n u c l e a r  body i s  -shown*
M a g n i f i c a t i o n  3 7 5 0 0
F i g u r e  232* Deep l e v e l  o f  t h e  n u c l e a r  body shown i n  f i g u r e  
231* N o t i c e  t h e  a p p e a r a n c e  o f  t h e  d e n s e  c e n t r a l  c o r e  
a t  t h i s  l e v e l *
M a g n i f i c a t i o n  3 7 5 0 0
F i g u r e  233o D e e p e r  l e v ^ l  from t h e  n u c l e a r  body  shew n i n  
f i g u r e  231* N o te  t h e  p r o m in e n c e  o f  t h e  d e n s e  c e n t r a l  
c o r e  w h ich  i s  n o t  s e e n  i n  f i g u r e  231*
Magnification 37500
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NUCLEAR AND CYTOPLASMIC INCLUSIONS
F i g u r e s  , 235» 2 3 6 . Three l e v e l s  from a s i n g l e  n u c le a  
body from squamous c « l l  carc in om a o f  oesop h agus*  N o t ic e  
how th e  ap p earan ce  o f  th e  d en se  c e n t r a l  c o r e  o f  t h i s  
n u c le a r  body ch a n g e s  a t  d i f f e r e n t  l e v e l s  o f  s e c t io n *






NUCLEAR AND’ CYTOPLASMIC: INCLUSIONS
F i g u r e  237* P a i r e d  p r o f i l e s  w i t h i n  t h e  n u c l e u s  i n  a c a s e  
o f  r e c t a l  c a r c in o m a .
M a g n i f i c a t i o n  1770 0 0
F i g u r e  2 3 8 .  I n t r a n u c l e a r  p a i r e d  p r o f i l e s  o f  r e c t a l  c a r c in o m a .  
The a p p e a r a n c e  o f  t h e  p a i r e d  p r o f i l e s  i n  t h i s  m ic r o g r a p h  
i s  s u g g e s t i v e  o f  s e c t i o n e d  m i c r o t u b u l e s .
M a g n i f i c a t i o n  1 1 6 5 0 0
Figure 239* Intracytoplasmic paired profiles of rectal 
carcinoma, showing alternating linear and punctate structures.
M a g n if ic a t io n  107500

NUCLEAR AND CYTOPLASMIC INCLUSIONS
F i g u r e  2 ^ 0 .  I n t r a n u c l e a r  f i b r i l l a r -  i n c l u s i o n  o f  m e t a s t a t i c  
r e c t a l  c a r c in o m a ,  o c c u p y i n g  an a r e a  a p p a r e n t l y  f r e e  from  
c h r o m a t in  g r a n u l e s *
M a g n i f i c a t i o n  6 7250
F i g u r e  2^1* An i n t r a n u c l e a r  f i b r i l l a r  i n c l u s i o n  o f  p r im a r y  
r e c t a l  ca rc in o m a *
M a g n i f i c a t i o n  3 2 5 0 0
F i g u r e  2^2* An i n t r a c y t c p l a s a i c  f i b r i l l a r  i n c l u s i o n  o f  r e c t a l  
c a r c in o m a  c o n s i s t i n g  o f  u n d u l a t i n g  m i c r o f i b r i l s *
M a g n if ic a t io n  39000
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NUCLEAR AND CYTOPLASMIC INCLUSIONS
F i g u r e  2^3* F i b r i l l a r  i n c l u s i c n ( F )  w i t h i n  t h e  c y t o p la s m  o f  
m i t o t i c  f i g u r e  from  r e c t a l  c a r c in o m a  • The c e l l  membrane 
o f  t h e  m i t o t i c  f i g u r e  i s  i d e n t i f i e d  by a r r o w s .  N o t i c e  t h e  
i n t e r c e l l u l a r  s p a c e ( S )  w h ich  s e p a r a t e s  t h e  m i t o t i c  f i g u r e  
from  t h e  a d j a c e n t  c e l l .
M a g n i f i c a t i o n  2 2 7 5 0
F i g u r e  2Vfc* L a t t i c e  i n c l u s i o n  w i t h i n  a  n u c l e u s  from  r e c t a l  
c a r c in o m a .
M a g n i f i c a t i o n  9 3 2 0 0
F i g u r e  2^5# O b l i q u e l y  s e c t i o n e d  i n t r a n u c l e a r  l a t t i c e  
s t r u c t u r e ( L )  n e a r  a  m i c r o f i b r i l l a r  n u c l e a r  b o d y ( B ) .
M a g n if ic a t io n  93200
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NUCLEAR AND CYTOPLASMIC INCLUSIONS
F ig u r e  2^ 6 . I n t r a n u c l e a r  c o i l e d  s t r u c t u r e  o f  g a s t r i c  
ca rc in o m a .
M a g n i f i c a t io n  129000
F ig u r e  2^ +7 • H ig h er  m a g n i f i c a t i o n  o f  th e  i n t r a n u c l e a r  
c o i l e d  s t r u c t u r e  o f  g a s t r i c  carc in o m a .
M a g n if ic a t io n  198000

X'-RAY MICROANALYSIS
F ig u r e  2^8. T h is  spectrum  was o b ta in e d  from a d e p o s i t  
o f  th e  r e a c t i o n  p roduct o f  th e  p e r i o d i c  a c i d  t h io c a r b o -  
h y d ra z id e  s i l v e r  p r o t e i n a t e  p roced u re  i n  squamous
e p i th e l iu m  o f  o esop h agu s .  I t  shows a s m a ll  su lp h u r  



















F ig u r e  2 ^ 9 .  A sp e c tr u m  from th e  c y to p la s m  o f  th e  same c e l l
a n a l y s e d  i n  f i g u r e  2k8 .  No s i g n i f i c a n t  s p e c t r a l  l i n e  i s  s e e n .
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X-RAY MICROANALYS IS
Figure 250. This spectrum shows the result of analysis 
of the dense reaction product of acid phosphatase in the 
intercellular spaces of squamous cell carcinoma of 
oesophagus ( See figure 90 ). A very large M line of 







F ig u r e  251* The sp ec tru m  sh o w s  th e  a n a l y s i s  o f  c l e a r  
c y to p la s m  from same c e i l  a n a ly s e d  i n  f i g u r e  2 5 0 .  No 
s i g n i f i c a n t  l e a d  d e p o s i t  i s  p r e s e n t .

X-RAY MICROANALYSIS
F ig u r e  252 .  T h is  specrum was o b ta in e d  from the a n a l y s i s  
o f  a ly so so m e i n  th e  c a se  o f  adenocarcinom a o f  c o lo n  
d em on strated  i n  f i g u r e  21^. The p r i n c i p a l  s p e c t r a l  
l i n e s  p r e s e n t  are  the  osmium M l i n e  a t  1.91^KeV» and 
th e  le a d  M l i n e  a t  2.365KeV, co n f irm in g  the p r e s e n c e  

















F i g u r e  253* The a n a l y s i s  o f  a  c l e a r  a r e a  o f  c y to p la s m  
50  n s  d i s t a n t  from  t h e  ly s o s o m e  a n a l y s e d  i n  f i g u r e 2 5 2 .  
No s i g n i f i c a n t  l i n e s  a r e  d e m o n s t r a b le .
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